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REMARKS 

Objection to Disclosure 

The objection to the disclosure has been obviated by amendment. Accordingly, 
withdrawal of this ground of objection is respectfully requested. 

Claim Objections 

The objection to claim 6 has been obviated by amendment. Accordingly, 
withdrawal of this ground of objection is respectfully requested. 

Claim Rejections - 35 U.S.C. S 112. First Paragraph - Written Description 

The written description rejection of claims 1 , 2, and 8 under 35 U.S.C. § 112, first 
paragraph is respectfully traversed. The recitations in the claims of terminology such as 
"hapten," "marker group," "solid phase binding group," "reactive side groups," and 
"predetermined positions" would have been clear to one of ordinary skill in the art based 
on both the description in the specification and the well-established definitions of these 
terms. 

For example, it is well understood in the art that the term "hapten" refers to a 
portion of an immunogen. A discussion of the term "hapten" excerpted from 
Applications of Fluorescence in Immunoassays by I. A. Hemmila (Chapter 2.1.1, pp. 4- 
7; Tables 8.9-8.12, pages 188-193) is attached herewith as Exhibit A. Moreover, a 
detailed description of the term "hapten" is also contained in the specification as filed. 
For example, the specification describes the term "hapten" as including "an 
immunological reactive molecule having a molecular mass of 100 - 2000 Da" (e.g., 
.page_7 , li neJ33 to page 8, line 1). " immunol ogically r eactiv e peptide epitopes p refe rably^ 
having a length of up to 30 amino acids" (e.g., page 8, lines 21-22), "nucleic acids with a 
length of preferably up to 50 nucleotides that are complementary to a nucleic acid 
sequence which is to be detected in a sample," (e.g. page 8, lines 30-33), and "peptidic 
nucleic acids with a length of up to 50 monomeric units" (e.g., page 8, lines 33-35). 
Furthermore, numerous examples of specific haptens suitable for use in accordance 
with the claimed invention are provided on page 8 of the specification. 
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Similarly, it would have been well understood by one of ordinary skill in the art 
that the phrase "marker group" refers to a detectable moiety or label. A discussion of a 
related phrase, "luminescence label," excerpted from a review article by A. Mayer and 
S. Neuenhofer {Angewadte Chemie international Edition in English, 1994, 33. pp. 1044- 
1072) is attached herewith as Exhibit B (in particular, see pages 1046 ff. and page 
1054). A discussion of marker groups is also provided in the Crockford reference cited 
by the Examiner (EP 0155224, page 7). Moreover, a detailed description of the phrase 
"marker group" may also be found in the specification as filed. For example, the 
specification describes the phrase "marker group" as including "luminescent metal 
chelates" (e.g., page 9, lines 3-4) and "fluorescent labels" (e.g., page 9, lines 3-4), 
numerous specific examples of which are provided on pages 9-11. 

In addition, it would have been well understood by one of ordinary skill in the art 
that the phrase "solid phase binding group" refers to any group through which an 
attachment can be made to a solid support (e.g., via chemical bond formation, etc). A 
discussion of solid phase binding groups is provided in the Mayer and Neuenhofer 
reference cited above (pages 1065 ff.) and in the Crocl<ford reference cited by the 
Examiner (EP 0155224, page 5). Moreover, representative examples of solid phase 
binding groups suitable for use in accordance with the present invention have been 
identified in the specification (e.g., page 9, lines 5-8) for purposes of illustration. These 
include biotin and biotin analogues such as desthiobiotin and iminobiotin. 

Furthermore, it would have been well understood by one of ordinary skill in the 
art that the phrase "reactive side groups" refers to any functional groups (e.g., on the 
carrier) that can react with functional groups of complementary reactivity (e.g., on the 

haptens, marker groups, or solid phase binding groups) in order to form a bond. 

Representative examples of reactive side groups suitable for use in accordance with the 
present invention have been identified in the specification (e.g., page 9, lines 10-16) for 
purposes of illustration. These include amino and thiol groups. 

Finally, it would have been well understood by one of ordinary skill in the art that 
the phrase "predetermined positions" refers to locations on the carrier containing a 
functional group available for reaction with a hapten, marker group, or solid phase 
binding group, or to the locations of the haptens, marker groups, or solid phase binding 
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groups themselves. The specific positions will be determined on a case-by-case basis 
according to the specific requirements of an application. A detailed description of 
predetermined positions is set forth in the specification (e.g., page 6, lines 5-27). 

Inasmuch as all terminology recited in the claims is both described in the 
specification and would be well understood by those of ordinary skill in the art, 
Applicants respectfully submit that the claims reasonably convey to one skilled in the 
relevant art that the inventors, at the time the application was filed, had possession of 
the claimed invention. Accordingly, withdrawal of this ground of rejection is respectfully 
requested. 

Claim Rejections - 35 U.S.C. g 112. First Paragr aph - Enablement 

The enablement rejection of claims 1- 8 under 35 U.S.C. § 112, first paragraph is 
respectfully traversed. The specification as filed provides one of ordinary skill in the art 
the wherewithal to practice the invention commensurate in scope with the present 
claims. 

In accordance with MPEP 2164.08, "[h]ow a teaching is set forth, by specific 
example or broad terminology, is not important." In re Marzocchi, 439 F.2d 220, 223- 
224, 169 USPQ 367, 370 (CCPA 1971). While specific examples of polymeric carriers 
have been set forth in the specification. Applicants also provide direction and guidance 
of a more general nature to enable one of ordinary skill in the art to make and use 
alternative polymeric carriers. For example, oligonucleotide carriers and polymeric 
carriers composed of peptidic nucleic acids are described (e.g., page 7, lines 3-29), and 
a reference (WO 92/20703) is cited in order to provide additional instruction relafing to 
_petidic_nucleJc-acjds andjhejr production _(e.g,,_page 7, lin^^ 

Similarly, while specific examples of marker groups have been set forth in the 
specification, Applicants also provide direction and guidance of a more general nature 
to enable one of ordinary skill in the art to make and use alternative marker groups. For 
example, numerous luminescent metal chelates other than ruthenium bipyridine are 
described (e.g., page 9, line 26 to page 1 1 , line 18), together with a descripfion of the 
effects of charge on the electrochemiluminescence reaction (e.g., page 11, lines 5-18). 
In addition, several references (EP 178450, EP 255534, EP 580979, and WO 90/05301) 
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are cited in order to provide additional instruction relating to alternative metal chelates 
and their production (e.g., page 10. lines 28-34). Furthermore, as alternatives to metal 
chelates, numerous fluorescent labels are described for use as marker groups in 
accordance with the present invention. 

For this reason and for the reasons set forth above. Applicants respectfully 
submit that the claimed invention is fully enabled. Accordingly, withdrawal of this 
ground of rejection is respectfully requested. 

Claim Rejections - 35 U.S.C. S 112. Second Paragraph 

The rejection of claims 1-8 under 35 U.S.C. § 1 12, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicants regard as the invention, is respectfully traversed. As outlined below, each of 
the phrases identified in paragraphs A-H in section 15 of the Office Action has been 
described in the specification and/or has a well-defined meaning within the art. 

As noted above and in the Mayer and Neuenhofer reference, the phrase "solid 
phase binding groups" refers to groups that can react specifically with a binding partner 
on a reactive solid phase. Thus, this phrase describes a specific interaction between a 
solid phase binding group and a solid phase resin. 

As noted above, the phrase "predetermined positions" is determined on a case- 
by-case basis by one of ordinary skill in the art practicing the claimed invention. The 
precise locations on the carrier are not restricted, but rather are chosen to coincide with 
desired points of attachment of haptens, marker groups, or solid phase binding groups 
to the carrier chain. 

The phrase "nucleotide analogues" is well understood in the art, andjefers to 
nucleotides that are structurally similar to other nucleotides apart from one or more 
structural differences. As used in the claimed invention, the phrase "nucleotide 
analogues" refers to carriers that retain their capacity to bind haptens, marker groups, 
and/or solid phase binding groups regardless of any such modifications to their nucleic 
structure. 

As noted above, the phrase "reactive side groups" is well understood in the art 
and has been explained in the specification (e.g., page 9, lines 10-16). The phrase 
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refers without limitation to groups suitable for coupling haptens, marker groups, and 
solid phase binding groups to the carrier chain, and includes moieties such as amino 
and thiol side groups. As described in the specification, reactive primary amino side 
groups "can be produced by incorporating appropriate monomers e.g., amino acids 
such as lysine, ornithine, hydroxylysine or cysteine into the carrier chain" (page 9, lines 
14-16). 

The recitation of the "coupling of multiple hapten molecules" to a multiplicity of 
"reactive side groups" refers to individually coupling each hapten molecule to each 
individual reactive side group. For example, as described in the specification, the 
process involves "selectively incorporat[ing] additional haptens... at positions of the 
carrier chains at which monomers are located having free functional groups" (e.g., page 
6, lines 9-13). However, this recitation does not require that every hapten-containing 
monomeric unit in the carrier chain contain the same type of hapten. 

The recitation of covalently binding monomeric units to hapten molecules, marker 
groups or solid phase binding groups "via primary amino groups or thiol groups" has 
been described in the specification. For example, as noted above, reactive primary 
amino side groups "can be produced by incorporating appropriate monomers e.g., 
amino acids such as lysine, ornithine, hydroxylysine or cysteine into the carrier chain" 
(page 9, lines 14-16). Furthermore, it is described in the specification that thiol side 
groups can be provided by an amino acid such as cysteine (e.g., page 12, lines 15-16). 

The recitation of "protective groups" that are "selectively cleavable" and the 
recitations of "acid-labile groups" and "acid-stable groups" are well understood in the art. 
A series of reactivity charts excerpted from Protective Groups in Organic Syntiiesis, 3^ 
Edition by Theodora W. Greene and Peter G. M. Wuts (John Wi^^ey& Sons, Inc., New 
York, 1999) is attached herewith as Exhibit C. These charts serve as guides to the 
selective protection and/or selective deprotection of various functional groups. As 
shown in Reactivity Charts 8-10, numerous amino protecting groups are known, some 
of which are readily cleaved under acidic conditions (i.e., an "H" or "M" in the columns 
corresponding to pH < 7), others of which are stable except to alkaline conditions (i.e., 
an "H" or "M" in the columns corresponding to pH > 7). The concept of "orthogonal 
protection" (i.e., employing at least two protecting groups each of which can be 
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selectively cleaved) Is also referred to in the Tarn reference cited by the Examiner (col. 
8, lines 9-30). Moreover, a detailed description of selective cleavable protecting groups 
is also contained in the specification as filed. For example, the specification describes 
the use of acid-labile amino protecting groups such as Boc, and acid-stable amino 
protecting groups such as phenyl acetyl (e.g., page 13, line 34 to page 14, line 24). 

For at least the reasons set forth above. Applicants respectfully submit that the 
present claims are not indefinite. Accordingly, withdrawal of this ground of rejection is 
respectfully requested. 

Claim Reiections - 35 U.S.C. S 102 

The rejection of claims 1-8 under 35 U.S.C. § 102(b) as being anticipated by 
Crockford (EP 01 55224) is respectfully traversed. Crockford does not teach or suggest 
the carriers of the claimed invention. 

Crockford was cited in the International Search Report as a category "A" 
reference during the international phase of the present application. Such a 
categorization is reserved for a "document defining the general state of the art which is 
not considered to be of particular relevance." In particular, Croc/(forc/ does not teach or 
suggest "forming a carrier on a solid phase by linking together monomeric units ... 
selected from the group consisting of nucleotides, nucleotide analogues and amino 
acids," as called for by the claimed invention. Rather, the description of carrier 
molecules in Crockford \s limited to sucrose polymers (e.g., Ficollyo) and bovine serum 
albumin (e.g., page 7, lines 25-26; claims 10, 24, 29). 
Inasmuch as Groc/cford-fails to teach or suggestthe carriers of the claimed 

invention. Applicants respectfully submit that the claimed invention is neither anticipated 
by nor would have been obvious in view of this reference. Accordingly, withdrawal of 
this ground of rejection is respectfully requested. 

The rejection of claims 1-4, and 7-8 under 35 U.S.C. § 102(b) as being 
anticipated by DeLeys (WO 93/18054) is respectfully traversed. DeLeys does not teach 
or suggest introducing into carriers "monomeric units covalently bound to hapten 
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molecules and ... monomeric units covalently bound to marker groups or solid phase 
binding groups," as called for by independent claims 1 and 8 (emphasis added), nor 
does it teach or suggest introducing into carriers "monomeric units comprising reactive 
side groups" and coupling hapten molecules and marker groups or solid phase binding 
groups thereto, as called for by independent claim 2. 

The peptides described in DeLeys are simply (a) biotinylated and (b) bound to a 
solid phase. There is no teaching or suggestion to introduce into these peptides 
monomeric units covalently bound to hapten molecules as well as monomeric units 
covalently bound to marker groups or solid phase binding groups. Indeed, even if the 
biotin described in DeLeys is regarded as a solid phase binding group in the sense of 
the claimed invention, and the peptides described in DeLeys are regarded as carriers in 
the sense of the claimed invention, then at least one element of the claimed invention— 
namely, 1-10 monomeric units covalently bound to hapten molecules— would still be 
lacking. 

For at least these reasons, Applicants respectfully submit that the claimed 
invention is neither anticipated by nor would have been obvious in view of DeLeys. 
Accordingly, withdrawal of this ground of rejection is respectfully requested. 

The rejection of claims 1 , 3, and 5-8 under 35 U.S.C. § 102(b) as being 
anticipated by Tarn (US 5,229,490) is respectfully traversed. 7am does not teach or 
suggest introducing into carriers "monomeric units covalently bound to hapten 
molecules and ... monomeric units covalently bound to marker groups or solid phase 
binding groups," as called for by independent claims 1 and 8 (emphasis added), nor 
does it teach or suggest introducing into carriers "monomeric units comprising reactive 
side groups" and coupling hapten molecules and marker groups or solid phase binding 
groups thereto, as called for by independent claim 2. 

The multiple antigen peptide systems described in Tarn are principally directed to 
the production of vaccines based on peptide type antigens (e.g., col. 10, lines 27-29). 
Although Tarn contains a generic statement that dendritic polymer systems described 
therein could potentially be labeled with detectable labels (col. 10, lines 44-46), there is 
no teaching as to how such labels should be attached to the dendritic polymers, nor 
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indeed at what positions they should be attached. Moreover, Tarn contains no teaching 
or suggestion of introducing into a carrier (e.g., a dendritic polymer) monomeric units 
covalently bound to hapten molecules as well as monomeric units covalently bound to 
marker groups or solid phase binding groups, as recited in the claimed invention. 
Indeed, even if the antigens described in Tarn are regarded as hapten molecules in the 
sense of the claimed invention, and the dendritic polymers described in Tarn are 
regarded as carriers in the sense of the claimed invention, then at least one element of 
the claimed invention would still be lacking— namely, 1-10 monomeric units introduced 
into the carrier and covalently bound to marker groups or solid phase binding groups. 

For at least these reasons, Applicants respectfully submit that the claimed 
invention is neither anticipated by nor would have been obvious in view of Tarn. 
Accordingly, withdrawal of this ground of rejection is respectfully requested. 



In view of the Amendments and Remarks set forth above. Applicants respectfully 
submit that the claimed invention is in condition for allowance. Early notification to such 
effect is earnestly solicited. 

If for any reason the Examiner feels that the above Amendments and Remarks 
do not put the claims in condition to be allowed, and that a discussion would be helpful, 
it is respectfully requested that the Examiner contact the undersigned agent directly at 
(312)-321-4257. 

- Respectfully submitted-, — 



CONCLUSION 




Gregor>t/H.^ayi?( // 
Registration No. 48,059 
Agent for Applicants 
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BRINKS HOFER GILSON & LIONE 
P.O. BOX 10395 
CHICAGO, ILLINOIS 60610 
(312) 321-4200 



VERSION WITH MARKINGS TO SHOW CHANGES MADE 

Amendments to paragraph beginning on page 5, line 25 and continuing to page 
6, line 27: 

"When using the conjugates according to the invention that contain 1-10 hapten 
molecules and a defined number of marker or solid phase binding groups as antigens in 
an immunological method of detection it is surprisingly possible to achieve [a 
considerable] considerably higher sensitivity and precision and at the same time [at] a 
reduced lov>/er detection limit compared to known monomeric and multimeric antigens. 
Moreover the conjugates according to the invention can be constructed in a simple 
manner by solid phase synthesis e.g., a peptide solid phase synthesis. For [this] these 
monomeric units, e.g. amino acid derivatives, that are derivatized by a hapten molecule 
or a marker or solid phase binding group can be incorporated at predetermined 
positions. In addition it is possible to selectively incorporate additional haptens or 
marker or solid phase binding groups after completion of the solid phase synthesis at 
positions of the carrier chain at which monomers are located having free functional 
groups. This enables a defined and reproducible incorporation of hapten molecules and 
marker or solid phase binding groups into the conjugate. The distances between 
individual groups on the conjugate can be exactly defined and varied if necessary. The 
signal quenching can be kept low by selecting the distance of the marker groups on the 
conjugate so that the signal strength increases [proportionaly] proportionally to the 
number of marking groups. A defined spatial orientation of marker groups also 
contributes to the improvement of the signal strength e.g. in the case of helical carriers. 
The distances between marker groups are therefore preferably 3-6 or/and 13-16 
monomeric units in the case of helical carriers e.g., singje-stranded or double-stranded 
nucleic acids." 

Amendment to claim 6: 

6. (Once Amended) The process as claimed in claim 2, wherein the reactive 
side groups are primary amino groups and the protective groups are selectively cleavable. 
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EXHIBIT B 



Luminescent Labels— More than Just an Alternative to Radioisotopes? 
Andreas Mayer* and Stephan Neuenhofer* 



Chemical, chromatogniphic, or spectro- 
nictric methods arc generally unsiiiublc 
for ihc dcleclion of molecules in ihc 
mno- and subnanogram region because 
of their low sensitivity. The radioimmu- 
noassay (RIA) developed by Yalow and 
Bcrson in 1959 combined the high sensi- 
tivity of radioaciivdy labeled substances 
with Ihc high specificity of immunologi- 
cal reactions for the first time. In this way 
ii was possible to detea quaniiiaiively 
the tiniest traces of substances in the pre- 
sence of an excess of other, in some ca- 
ses, simitar foreign substances without 
prior enrichment. Immunoassays have 



certainly developed to become ibe moAt 
valuable analytical tool of in vitro dia- 
gnostics and are today routinely era- 
ptoyed for the detection of endogenous 
and exogenous substances (e.g. hor- 
mones, tumor-associated proteins, bac- 
teria, viruses, toxins, drugs, etc). The 
many disadvantages of radioactivity 
such as the required handling licenses, 
disposal cosis» precautions ncotssary to 
prevent risks lo health, short shelf-lifc, 
and limited sensitivity soon led to the 
search for other nonradioactive labeling 
methods. Encouraged by the develop- 
ment of light measuring techniques and 



the commerdal availability of highly sen- 
sitive apparatus, radioacuve isotopes as 
labels are today being replaced increas- 
ingly by enzjTncs, fluorophores, or lu- 
minophores. Some of the new lumines- 
cent labels have, however, not only fad- 
liiatcd replacement of radioisotopes, but 
also a breakthrough into what has until 
now been unattainable levels of sensiti- 
vity. The following article reviews the 
methods of luminescent labeling and 
their applications mainly in the area of 
immunoassays. 



L Introdocrion 

The detection of subsunces with reagents which bind to the 
compound to be determined (analytc) is essentially dependent on 
three conditions if lower detection limits in the pico- to fcrato- 
mdar region arc to be attained and stnicturally similar sub- 
stances are not to be measured in addition. First, the detection 
reagent must have a high alTinity for the analytc so that even an 
analylc present in tr«ce amounts is detennined Second, the bind- 
ing of the detection rcigcnt lo the analyte should be highly 
specific; this ensures that substances similar to the analytc do* 
not give rise lo a deceptively higher concentration of the analytc. 
or nuke a timc<onsuming and labor-intensive prcpurifkation 
necessity. Third, the reaction product from the analytc and 
binding rcaecnt must be sensitive to deicaion. that is, emit a 
signal which can be quantified exactly by suitable analytical 
instruments. 
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The donands for affinity and specificity are ideally fulfilled by 
antibodies. This involves endogenous glycoproteins, which in 
organisms of higher life forms, play a dccisiwe role within the 
immune system by eliminating harmful, substances fbacieria, 
viruses, toxins etc.). In general, aflinity constants of ancibcdies 
lie between 10*** and lO'^Lmol'^ They are capable of re- 
cognizing the smallest structural differences at the molecular 
level, because only then can they distinguish reliably be- 
tw^n exogenous and endogenous substances; confusion 
between the two would have fatal consequences for the host 
organism. 

The fint methods used to label deicaion reagents and ibiis 
make them exactly quantifiable employed radioacdvc isotopes, 
of which the *^*1 isotope, in particular, is still in use today. The 
advantages of this y eniittcr are its small site (minimization of 
sicric interference), its "hard" signal, which as a result is less 
prone to interference, and its lower detection limit of approxi- 
mately 10 amol (1 araol =10"^* mol). 

The combination of anubody/radioactive Ut^ling led to the 
introduction of radioimmunoassays at the end of the l950s.*^' 
These have developed into the most important tool of in ^i^ro 
diagnostics in media ne.^^' All conceivable endogenous and ex- 
ogenous substances in the body fluids (eg. blood or scrum) 
uken from a patient arc routinely determined quantitatively by 
radioimmunoassays* Of considerable importance for routine 
applicability is that despite ihc complex composition of the 
scrum medium under investigation, in general, further purifica- 
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lion stq>5 are noi necessary bcxausc of ihc high spccilicity of the 
deicciioa rcQgenc "andbody". 

Besides ihe advaniagcs of radioactive labeling xhere are also, 
however* a number of disadvantages: The handling of radio- 
aciivc materials is regulated (ofTidal license) and is, thus, limit- 
ed. The halWifc of 60 days for '^.^I isotope is too short to 
guarantee a longer ihelf-Iife for labeled reagents. Limited signal 
emission during measureracni due to the natural half-life pre- 
vents the high detection sensitivity required for some applica- 
tions. 

In order to overcome these disadvantages the search for non- 
radioaciivc labeling methods (nonisotopic methods) in im- 
munodiagnostics had already begun long a£0.^' At the begin- 
ning of the 19T0s the mc of cniymes as labels wax described,**^ 
and in the meantime a large number of stable enzyme labels 
have become available. In combination with chromogcm'c or 
luminogenic substrates, detection of the signal is attributed to 
the rneasuremeot of light as absorption or emission. Emitted 
lighi instead of radioactive radiation is also employed in lumi- 
nogenic direct labeling for the quantificatioa of the analyte con- 
. ccntratioa. Since the number of photons from samples of lu- 
minescent-labeled molecules can be higher than the number of 
radiation <iuanta emitted from radioisotopes,*^^ iniiiafly fluores- 
cence detection seemed to have a good chance of a wide applica- 
tion in nonradioaaive labeling;*^*' for example, detection of a 
single fluorescent-labeled protdn molecule was successful^*'' 
However, because of certain disadvantages associaied with the 
first fluorescent label a signifcant replacement of the radioactive 
label was not forthcoming. This was only achieved by further 
^levdopinent of luminescent labels and luminogenic enzyme 
subsirates.t* " * ^* Luminescent labels not only dispense with hav- 
ing to handle radioaciiviiy but they also allow more prcdsc 
diagnostic results on account of enhanced sensitivity, and open 
up new areas of application. 

fa 1985 the radioimmunoassay (RIA) dominated the Gennan 
immunoassay market (83% share) with the greatest turnover in 
the bidicatioa fields endocrinology (thyroid gland, fertility) and 
tumor diagnosis (Fig. J ) . The tendency towards the use of mcth- 
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Fig. I . Maikei share of radkracirrc { RIA) and notiratlioacilvc iramunoa^sa js (noft- 
RlA). 



ods with nonisotopically labeled compounds is shown in the 
statistics for 1991 ; the RIA share of the market has sunk consid- 
erably to 55 The market share of nonradioactive methods 
comprises luminescence techniques (e.g. fluorescence immuno- 
assay (FIA), chemiluminescence immunoassay (CIA)), enzynie 
immunoassay (EI A), and other methods such as nephelometry, 
A further increase in the market share for methods that work 
without isotopically labeled compounds is to be expected in the 
future. 

This review article deals in the broadest sense with lumines- 
cent labels and their applicarion. After a definition of the term 
"label" in Section 2 luminescent processes are presented in a 
simplified energy-level diagram in Section 3. Section 4 dcscnbes 
the enzyme labels in combinanon Math chromogcm'c and lumi- 
nogenic substrates. In Sccuon 5 labds for luminesceni direct 
labeling with special consideration of the underlying mecha- 
nisms of chcmiluminesccm labeling arc discussed. Section 6 pre- 
sents several examples of applications in medicine; further im- 
portant area J of application arc in cnvirorumental and food 
analysis.^* In addition to the literature already men- 
tioned, the theme of luminescent labds, nonradioactive im- 
munoassays, and gene probes is referred to in several recent 
books<"^ and review' artides."'^ 



Andreas Mayer, bom 1960 m Aschaffatburg. studied chunistry at the 
Vfthersmt WQrzburg and received his doctorate under the supervision of 
H. Quasi for work on dicyonostmbuihclenes. fn 1989 he etiteredlhe mmn 
laboratory of the ffoechst AO orul strengthened the team working on the 
development of chemiluminescent labels for ^agnostic applications. The 
main emphasis of his >^rk so far has been the synthesis of functional dyes 
for applications in the area of ^agnostics and information technology. 

Stephen Neuenhofer, hem 1955 in MoyenlEifel, studied cfemirn^ W ^ ^^^^ ^ Y^cucnhofer 

pharmacy in Bonn. After completing his diploma in chemistry (i9S2) he 

mo^d into biochemistry and received hUdoctoroie in i9S5 with K, Send- . , r • 

hoffon rhc topic of gangUosides (LysogcngHosuies^ynthesis, Detection m ^atAo/a,«^/ Tasue and Applications « 
B^chemic.lsidi!slFl his dissertation h^ 

pharmacist, fn August 1987 he began working in the research and development department at the Hoechst AG^ fiis area of 
- . ^, , . /X/imr rubstances immunoassoyj, end dtegnosttc systems as weU as their transfer to produc- 
mierests comprises ^^"^^''^^^^^ c^rinuerf ^h these avertues of research, . 
tion. He moved to Behringwerke Am m October wnere ne no, ^ 




^srr. CW tnu El Engt. im Jl 1044-1072 



1045 



REVIEWS _ — 

2. The Label 

ri. Defurftlon and General Structure 

A label is a molecule capable of onitting a signal, which is 
used for labeling prolans and other molecules. It contains^ apan 
from the signal-generaling group (fluoicsca; more specifically, 
label), another reactive group (anchor group) which fadliiates 
the covatent bonding to the molecule to be labeled. Bctv^cn these 
two groups there is usually a spacer which is supposed to prevent 
or at least make difficult, undesirable sieric interactions between 
ihc signal-generating group of the molecule and the labeled sub- 
stance. In this way any innucnccs on the immunologicaJ reaction 
ought 10 be excluded. The schematic structure of a label as well 
as the chemical formula of a chemilumincscem label from the 




Sct)cinc I. SdtcaMt'tc nrprcsenutioa of at luninesocoi libd <iop) witli the iX/tc 
compoacats: sigiial-yRfintifi? anii (nuortsccr). ipicer, lod aitchor group is vcU 
ax 1 concrete cxunple frois (he y'40cth]rtQcndiciuin-9^^-suiron;l)cflrboumtd£ 
chs of compotnuls (bottom). 



class of /ir'meihylacridinium-9-(W-sulfonyt)carbo,^amides is 
shown in Scheme I, A substance labeled in this way is designat- 
ed as a tracer. 



2:X LuiQincsceDt Lnbeb 

2J-f , Defifuiicns cf Term 

The lenn luminescence'''* serves as the generic term for most 
light emission proresses such as (luorescence, phosphorcscena, 
chemiluminesoence; electroluminescence etc. Exceptions arc, for 
example, glow emission and coherent scattering processes. In 
practice, three categories art often used, namely luminescence, 
(luorescencc, and phosphorcsccocft.. Luminescence ^rvcs as the 
generic icnh for chemi- and bioluminesoence. 
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2J.1- Reqairemenu for the SmiahiUty as a iMminescent Label 

The suitability of a compound as a luminescent label has 
certain conditions which must be fulfilled 

- Coupling to the compound 10 be analyzed (analyie) muit be 
simple and quite gentle. A large paleilc of reactive groups is 
available for this purpose. 

- The luminescent properties of the label should not change 
significantly after the coupling. 

- The properdcs of the labeled substance must not be altered 
significantly by the labeling. The whole spectrum of charac- 
teristics must be taken into consideration, for cxampk physi- 
co<h6mtcal propenies such as solubility and immonologica] 
properties. For the duration of the immunoassay, the im- 
munological reactivity, in particular, must remain sufficiently 
higfc 

Of course, these general requirements, with the exception of 
the second point, arc also applicable to other labels. The extent 
10 which these points arc fulfiHcd greatly depends on the details 
of each system and differs from case to case. For instance, small 
molecules (molecular weight < 1 IcD) arc altered more signifi- 
cantly than large proteins when labeled with a maxtcr of similar 
size. Proteins, however, are often more sensiUve under the label- 
ing conditions; for example, syntheses cannot be carried out in 
organic solvents. Nevertheless, for most, thecondidons 10 yield 
suitable conjugates ace established by chemical modification of 
the signal-generating group aad/or of the spacer and by choice 
of the optimal reactive group. 

2-2J. The Sfgnal-Oeneratin^ Group 

Fundamentally all luminescent compounds can be considered 
to be signal -generating groups if they exhibit a sufficient quantum 
yield in aqueous solutions, are stable enough under the conditions 
employed, and can be functionalized synthedcally in such a way 
that a reactive group can be bound and the properties can be 
modified, for example, to increase the solubility in water or to 
change emission characteristics such as wavelength and decay 
lime. Variability is a prciccpusite for the broadest possible applica- 
don of the label. The most imponani fluorrsccnt and chcraila- 
mincscent labels are considered in more detail in Section SJ^** 

2 J J. The Reactive Group 

As mentioned previously, the rcacovc or anchor group is used 
to bind the label to die substance \o be labeled. Since coupfing to 
hiolo^cal material such as proteins, antibodies, hormones etc. 
is frequently necessary, the formation of an add amide bond 
between aciivaiod carboxyl groups and amino groups is quite 
common. Many processes for this are known in peptide chemistry 
which proceed in aqueous solution under mild condilions.**^' 
Howeirer, only a few reactions have achieved practical signifi- 
cance for labeling processes. Some of the most imporunt ooup- 
Hng reacdons are summarized in Scheme 1 Many luminescent 
labels have an //-hydroxysuodnimidc (NHS) ester as die reacu've 
group (Scheme 2a).'^*-"> This reactive gronp has several ad- 
vantages:*^- it can be readily sytithe$i?cd from carboxylic add 
derivatives:'^*' corresponding labels can be puriUcd to a high 
degree, for example, by HPLC; thus, labeling can be carried out 
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in a defined and reproducible way. With the exclusion of mois- 
ii is posablc to store the label over longer P^n^f^J^^^";' 
without the reversal of the coupling acuwty. 
Pling reactiOD of the sucdnimide with 8""P' P^^J 
««ler mild conditions (room «en.peranire) m aqu«us 
.iotts; in contrast alcohoU do not rea« with NHS «t^ und«^ 
these conditions.'"' As a variation of this rcact-oa .he)^n 
abo contain a primary amino functionality as the ^ ^ J 
for ccpKng with an NHS est. ^^^Z^^^ 
(SchemcZb). The conversion can also be ach«:vca 

P^boxyl groups, for can^l. <^l^^;Sh'^^::^^- 
iraide or "mixed anhydnde raethoos. - 
dinium ester labels with imido ester reacUve E^""? ^^^^ ° 
scribed.'"! Particularly m the case of fluor^cent ^^^^^ 
aon to the the methods already mentioned the 
^upiso^enusedforcoupfingwith^^;^^^^ 

to form thiourea derivatives -a^ic 
shown inSchemcldforthecouplins by th.oladd.t^n^.ojatac 

in^dosroupsU^elUnowninpe^e^ 

balso employed in luminescent labehng mV^T^ 

Urt, important role in the coupling of enzyme labds t 

proteins.*^ 



2^ J. Thg Spacer 

Usually simple, short alley. ^^'^;^;;tTp.ry:d" 
aromatic and aliphatic groups la. xaa 



Spacer 



Schan. 3 Sy.*«i5n,ohodfor»««ccr.i«h.n.NHS«cMvcsrwp-.;*^^^ 
^J^lc of »n Wuminol DCC ~ ^ydot^lc^'m^- 

spacer. An example of the conversion of an amino group of un 
isoluminol label to gve an NHS ester is shown .n Scheme 3. ^ 
By using a spacer of the type showa which contains severa ac.d 
amide groups and ether bridges as hydroph.lic units, the solub.l- 
i,y of immunoconjugalcv in water can be improved.' 



whidi contain 
as 



13. Eniyme Labels 

AS a result of their practical signifKance chromogens and lumi- 
nogens are also dealt with in this article: these are employed as 
substrates for the eniyme Ubel (Section 4). THe reaction of luci- 
ferin derivatives (naturally occurring bioluminesccm compound.^) 
with their respective hidferase (enzyme which caulyzes the teolu- 
mincsceni leacdon) leads to luminescent reacuons with the 
highest known quantum yields. The leader in this field .s the 
luciferin (Scheme 4)/lucifera« system of the North American 

- V 0 — o 

fireny (Phorinus PfraUs) wilh quantum yields around 0.9 Bn- 
tein mol • " "• ' S'""* '9^°* imporunt Inogentc 

Serases have been genetically engineered and are thus now 
considered for routine applications." « High quantum yields are 
also obtained by enzyme labels whh stable dioxerancs (Sterne 4) 
as luminogcnic subsuaies. The cnzi-rocs often employed arc al- 
kaline obosphau,5c and /f-galactosidase (the r«idae R « phos- 
phate ind ^-galactose- respectively). Sudi eniyntMic systems 
are dealt wiu" in "wrt detail in Section 4. 
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SchoncS. Bifundional coo* 
pKog reapnls for Ubcfinj of en- 
zymes: E - enxyme. P = pro- 
tein (eg. antibodyt. X = spacer. 



Since in general, enzyme labels are not obtainable as stable 
univenally applicible labels, several methods for enzyme label- 
ing should be addressed. The coupling of enzymes to autibodies 
or fragments of antibodies is oAcn achieved by bifunaional 
coupling reagents. Some examples arc shown in Scheme 5. The 
reactions are analogous to the methods already mentioned in 
Section 2.14, and dctafli can be obtained from the rcfereoccs 
died in the liicratureP*-^'' Coupling methods that exploit ihc 
strong noncovaleni bondingof the biotin/{slrept-)avidin system 
can only be referred lo hercJ^** 



3. Qectromagnetic Radiation as the Measured Signal 

3.L Comparison of Light and RadiaactiTe Radiation 

A considerable disadvantage in the use of radioactive isotopes 
is the necessity to undertake cxtcnaye safety precautions against 
high-energy or y radiation (up to 10'* kJmor Siiie lu- 
minocent hibels emit Hghc which is not dangerous— mostly in 
the visible region of the dcctromagnctic spearum {E^ 
^kJmor »)-safety measures for the protection from high- 
enci^ radiation are no longer required. Furthennore. the 
ipccinc activity that cin be achtexcd with radioisoiopa has an 
^ppcr Umit SCI by the rudiolyiic decomposition of the labeled 
matcnal. Ubcling with the isotope is usuaUy limited to one 
atom per molcculeJ"-^': In idditioru the half-life of the ra- 

l(H8 



dioisotope, which, for example, is only 59.7 days for the frc^ 
qucntly used '^^I, limits die stor^bility of the labeled material 
and detection limits. Moreover, radioisotopes emit radiation 
continuously even when a signal is not necessary for measure- 
men L For the actual measurement, which norroaily lasts about 
a minute, only a tiny fraction of the available signal, can be used. 
An advantage, however, is that a repeat measurement is possible 
at any time. Luminescent labels, which have a considerably 
longer lifeume, emit all the available light within a very short 
space of lime once the light reacUon has been triggered. In 
addition, the activity of the tracer can be enhanced funher 
mainly by muJtipk labdings: in this way the sensitivity of detec- 
tion is increased. Repeat measurements on the same sample arc, 
however, not possible, at least in the application of chemilu- 
rainesccni labels with rapid light emission. 



3.2. Pbotophysical Processes 

In the amplified cocrgy-lcvd diagram io Figure 2 the most 
important phoiophysical processes are summanzed with their 
typical Ufeiimcs x The radiative transitions shown can be 
used for the production of detection signals. Since radiationless 
dcaaivauoo leads to less efHdcncy, especially io long^ved phosr 
phorcscence processes in solution, phosphorescence detection 
plays a minor role for luminescent labds. Finally, the quanufi- 
cation in enzyme systems with chrornogeoic substrates (cf. Sec- 
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FiCu X SimpSDcd cner^-level 4lignm >nth seiiu pbocophydcal proccsscv. Life- 
Qoic f [i] U pym in parcotboa; M» = absorpiioa, H = fluorcsccDcc. Pa ^ pbos- 
phorcsccncf, SR »»vibi;HiofWl retottou. ChcmA = chemical cxdnnroft, IC - 
inlcniflt convcmon. (5C = mtersysttm crossing: sm>aht En« rtpirjmi r:id:aii'«c 
pnxssscs and u^vy HncS raduiioat«:s processes. 

don 4) is ascribahlc to absorption measuremenn, Phoioaxdta- 
don and evaluirion of the fluorescence provide the basis for 
fluorcsccnt labeling (cf. Section 5.1). The production of ccdicd 
singlci states (5^) by chemical reaaions is nccessarv for chcmiJu- 
minesccncc deteaion. The difTerence in energy between the 5, 
and So states for emissions in the visible regioo lies between 167 
(red light) and 293 UmoP * (violet Ughi).^"'^''' For the effec- 
tive use of the principles mentioned, in each case, sufficieni 
quantum yields are aJso a prerequisite. Further details are giveo 
for each individual luminophore (sec Section 5). 

4, Enzyme Labels 

The use of enzymes as labels presenied the first aliemaiive to 
radioactive labelingj^'* The basic idea is very promising, be- 
cause no signal-generating compounds are used, but molecules 
(cn2ymcs) which produce a lot of signal-generating species. In 
this way an effective signal amplification mcchfliiism is built in 
right from the outset. 

The three most important enzymes that are used as labels are 
horseradish peroxidase (HRP). alkaline phosphotase (AP). and 
/5-o-galactosfdase (GAL). The reacdons catalyzed by these en- 
2>Tties arc summarized in Scheme 6. HRP is the smallest enzyme 



R-OPO3H2 ♦ HjO ROM * H3PO4 




OH OH 
Scbeine6. Gcflcnil reprocntadoo oT ibc rcaciioaj catolyicd by ibt three most 
tmporttnt cnrymc h Wi HHP. AP. anU GAL. 

of die three with a molecular wdghi of approximately 40 kD 
(AP approx, ICO icD. GAL approx. 500 kD) and as a result 
presents the fewest sicric problems, HRF however, sensiuvc 
towards antimicrobial agents (azidc, Thiorocrsal) frequently 
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employed. AP has the highest catalytic activity; however, it is 
inhiUxed by phosphate (produa inhibition) and cihylenedi- 
amineietraacetic add (cdta; chehtes Zn'* and Mg'* ions 
which are necessary for enzyme aaivity). 

The oldest enzyme substrates to be employed in analytical 
methods are the chromogens. These are colorless and are only 
transformed into colored products by an enzymatic reaction. 
These products can be quantified photometrically; Scheme? 
shows examples. 




ScItcoK 7. Eiamplcs oT chromogejuc subsftnics. Apart from u-phenykottfuiroiiic. 
3J*.5.5"-«cnm«byIbciuddinc (TMB) *nd ZJ'-aanobisCVcthylbtftroilrfMOIinc^ 
julfonic add) (ABTS)ar« often employed. Instead of 4-oitrophcnylphoiptiytc, I- 
n%pthytphosphite and >br«iso^hloro*3-«ndolylphatphaic ut ofirn employed, 
lo addition to 2- 0/ ^nilropbciiyi-^o-^alactopynQOStdc. diloropbcnol red-^ 
pbaopyraoosidc and i-bronuH^-cfalorO'I-indolyt'^gibclopyfaoondc are vfien 
cni ployed. 
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Scfcanc 8. Examples of nttomgcnic tubctratcc. = ciuutioo wavclmsib. 
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The most importaoi fluorogcnic substraxcs of the peroxidases 
contain the same stnicCBrai clement /j-HO-QH^-C-. 
whereas in the case of AP andGAL/**'*^'4-mcthylumbenircr- 
yl compounds are preferred (Scheme 8). 

The dicmiliuninesorai arylhydrazidcs Juminol and isolumi- 
nol*''^* (Scheme 9) arc known substrates for HRP. The quantum 
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CuniJno*: X=iHY = NH2 
Isrfuainot XaNH2.>' = H 

Sdiemc 9. HRP<a(B}yztd ojcidauMi oTluinmel zaA isohiimnol 

yicJdi of ihc oxidation of these arylhydra^ides. that is, the per- 
centage of the molecutes of the starting material which at ihc 
end of the reaction afford a photon-cmiicing final product, is 
approximately 1%. The light intensity can be drastically in- 
creased (up 10 a factor of 10001) by so^alled enhancers such as 
6-hydroxybenzothia2olc derivatives or ;wra-substiiuied phenols 
in comparison to a non-enhanced reaction.*'*** The underlying 
mechanism of this enhanced chemilumincscence is not com- 
pletely understood. The most probable explanation is that one 
or more of the oxidation steps lo generate luminol radicals dur- 
ing the complex reaction pathway of rhz enzymatic oxidadon is 
accelerated/**^* 

Dioxttane derivatives arc the most important chemiluraino- 
ficnic substrates for AP and GAL*'*'' (Scheme jO). Also m the 
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Scbemc 10, Adam»aiyIincthoxy(phojphorytoxyphcnyl)di<«eunt (AMPPD) tod 
ad«inaat]fimtthoK|(plactop7riinosytei>phc«3l)dio)trianc (A.MPGD) IS cntvrnc 
salmmo. This «icticm is cttttlyicd by AP and CAI- 



reactions catalyzed by AP 
and GAL, the chcmrla- 
mtnescenoc can be en- 
hanced: for this pur- 
pose fluorescent tcnsides 
are particularly effective 
(Scheme 1 1). Together with 
normal tcnsidc molecules 
(e-8- cctyltrimethylammani- 
um bromide) they form 
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micelles into which the substrate diffuses immediately after 
enzymatic cleavage of the phosphate or gilactosidc residue. De- 
composition of the dioxctanc dcrivarivc in the micelle leads to 
an efTecdve transfer of energy to the fluorophore groups of the 
tenside molecules. This results in a considerable increase in the 
quantum yidd*^'^ (<i>a = approx. 0.005 Einstein per mol: for 
comparison: in tensidc-frec aqueous buffer solution is ca. 
10" * Einstein per mol) . According to the literature, as few as 600 
different enzyme molecules have so far been dereaed by employ- 
ing dtoxetane derivaoves.**"* 

Id the detection systems described previously the signal-gen- 
erating group forms immediately in the reaction catalyzed by 
the enzyme label. There is also, however, a series of detection 
systems in which the signal-generating group is formed only in 
a subsequtmc reaciioo. In analogy to cnzymc<aulyzcd reao' 
tions, considerable increases in the sensitivity can often be 
achieved by such coupling reactions. In the detection system of 
Self/*®'^ the cnzyttffi label AP catalyzes the formation of NAD 
from NADP*. The NAD* formed catalyzes a specific redox 
cycle from which a colored substance is produced (Scheme 12). 



NADP 



CjHjOH 



CH3CHO 




KAO 



HAOH 




tomiazane 
(calortid) 



teirazciium salt 
(colorisss) 

Sdhtstit \1. Exunplc ofi slenal iropJiftcauon : The NAD * forma! from AP artl « 
J cibljst in « f ubficqucDl fcdax cycfc. ADH = alcohol dchydrogeMJC. 
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The lower detection limit for the enzyme label AP with this 
method was given as 0 01 amol,**^^' and in a more reoent publica- 
don^**'' even O.Sxmol (1 zcptomol = JO"^* moO," 
which would have been inconceivable fordirea formation of a 
dye. I 

Another method for ihc highly sensitive detection of AP was 
described by Christopoulos and Diamand^s.**** AP catalyzes 
formation of 5-fluorosaUcylic add from S-fluorosalicylic phos- 
phate. In a subsequent reaction 5-fluorosalicylic add forms a 
strongly fluorescing ternary complex with p'* and cdta the 
concentration of which can be quantified byjlime-rcsolved fluo- 
rescence meacurcmcnt$ (of. Section S.t.4). The lower detection 
limit was quoted as being 0.6 amol AP peij 50 \tL sample vol- 
ume. In the detection system of A. Barct| ct al.'"" xanthine 
oxidase b used as die enzyme label. In the presence of oxygen, 
it oxidizes hypoxanthine to xanthine and uijc arid with forma- 
tion of superoxide radical anions (0',~). Additional reactive 
oxygen spcdcs 'O^, OH') that foimSn subsequent reac- 

liooj are suitable for ihe chcmiluminescent: oxidation of himi- 
nol. 
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5. Luminescent Labels 

5.1. Fluorescent Labeling 

FTuoresceni bhcls have been used for a wide range of appta- 
rions in biology, biomcdidne. and analytic methods for a long 
lintf Applicirions *-onhy of (nendon are fluorecaice d«a^on 
with HPLC after piecolumn or postcohimn derivaoTanon. How 
iZn««y.«»' nuo-^nce microscopy >«' DNA analysis.'-' and 
ihe use as labeh in immunoajsays. *hich will be covered .n more 
detail here (jtt Section 5.1.1). Ubding is usually achieved by the 
fonnation of a covalem bond bef««n Ubel-as described, m gen- 
eral in Section 2-and tarjet substance. Fluorescent dyes w,<hout 
aractivc group can be employed for son« purposes. They art oiUy 

bonded assodadvely and as a itsult can aauiwilate, for example 
in cdls A review of fluorochromes that are applied in mediane and 
bidogy as wen as their specBBl data can be found in refereoa [361. 

5.1. 1. Spedal Reqm'remena of Fluoraceat Labels 
for lammoassayt 

Besides the previously mentioned general" requirements for lu- 
minescent labels, fhiorcscent labels for the use in immunMEays 
should fulfill a few additional condirions which can be denved di- 
realy from measunxl dau. In prindple, nuoitscence mcasureinenu 
of the highest tensit^ity are indisd possibk.''"'" but, m piacucc. 
the sensitivity of flnoiescent immunoassays (FIAs) s. ho»cvw, 
drastically limited by background Ouonscence. light scattermg airf 
quenching cHects. The intrinsic Huorcsoencc of scrum components 
i, mainly responsible for the background sipial" " ^vhK* covers a 
broad wavelength region. Serrun ptotdns arcexated. for example, 
at 280 nm and emit at 320-350 nm. Other components sudi as 
NADH and bilirubin are Btdted between 330 and 360 nra and 450 
and 4<iO nm. lespectKdy, and nuorcsa in the range 430-470 nm 
and 515 nm. respcciively.f " TTk detection Smit for immunooonju- 
gates of a fluorescent labd with bovine senim albumm or m- 
munoglobulin G (IgP) is on average 10 to 50 times woi« m scnnn 
than in buffer solutioa'« Many solid phase materials, for aample 
polystyrene, likewise yield a blank reading. Light scattering « a 
problem, particularly, in solutions which contain protans or co ■ 
loidaOy dispe,^ substances. In addition to Raylei^ and TyndaU 
scaucring at the same frequency as the exdution beam, Ranan 
scattering also occun with a frequency usuaUy shifted by appion- 
matdy SOnm. Fluorescena quenching m often rcsuh from Uje 
smillest dianges in the environment of the lluoropho.^ (pM. poi^- 
ity, o«dation level, proximity ofheavy atoms or other absorbmg 
groups). If. for example, a protein U multiply labdd. t>«o Ou^ 
rophora can become so dose thatsdf-iiuenching of the s.gnal taws 

place if the absorption and cnussionspecm overlap^ . 

In order to minimise the influenos mentioned the foOowmg 
properties of fluotesant hbeb are desirable:"" a) longest p^lrfe 
wavelength emission (50O-70O«m). b) larg^ Stokes shift of 
> 50 mn,c) long fluorescence lifedme of r> 20 ns. 

A suffdcntly long hTedme is p^rtk^ly ^-ito-' '^f^^^^^ 
dKprindple of nuorescenoe polarization transrer(d:Secaon5^^ 

F!uo«c4e lifetime r> lOOns fadStan^ ^^'^'^^'^ 
memcf ,hesignal*.noisc ratio and thus °f *eJas.uv,q^ jna 
mea^mrxnt^only "akc pbce after decay of bad^u^uo- 
rescence and light scattering. TKs prindplc B 'PP,»«^ ."^1 
solved fluorescence measurements whidi an: explamed m mote 
deiaA in Section 5.1.4. 



5.1.2. Labebfor Direct nuorexail LabeEag 



The first compound used for nuorcjceot labding ofbiological 
material by Coons et al. in 1941 was anthracene isocyanate for 
,heIabdineofbacterialprotdns.'"'ThesameE.ioupintroduccd 

fiuorosceinisothiocyanaie (fITC. A. Scheme 13) asamorecf- 
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falive hbeJ soon afterwards.'"' Although judging fiorn m 
spectral data ihh »nLhencdye(cf: Table l)docsao.Compl«« Y 
fiiim the abovc-menrioned requirements fof flaoresceni labels. 
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FITC has become the fiuorochromc of choice in most applica- 
tions.'^- Despiifi the Urge nambcr of fluorescent labels which 
have been developed Since, FITC still remains the mosi com- 
monly \i3cd in fluorescence imraunoassays. possibly due to a 
high quantom yield and stability. Sunihf properries are exhibit- 
ed by rhodamincs B which belong to the same class of dyes 
(Scheme 13). Both dyes can exist in the two isomoic forms 
shown, a spirolactone and quinoid stniciurc. 

Efforts to obtain fluoresctnt labels thai can be excited in the 
longwave region and also emit revealed, for example, that 
derivatives of the phenoxazin dye resorufui were successful to a 
certain extcnL In the synthesis of fluorescent labels, suitably 
runciionalizcd resorufms are obtained, for example, from ni- 
trorcsorcin and 2,6-dihydroxybciizoic add after reducdon of. 
the initially formed resazurine (resorufm-^-oxide). Apart from 
ibe derivative D shown iti Scheme 13 whidi has a soednimidoyl 
ester as the reactive group, labels based on resonifin wiih other 
reactive groups arc also known. Compared to fluorescein, re- 
sonifin is less affected by the background fluorcsccnot of 
scrum-^^'* A longwave shift of exdiation and emission wave- 
lengths is also possible with phycobiliproieins,^**'^ which arc 
obtained frocn different kinds of red and green algae. The struc- 
tures of the two prosthetic groups are given in Scheme 13 (G. 
HI. The compounds exhibit very high motar extinction coeiTi- 
dents and high quantum yicids (>0.S).^*^*' Not all phyco- 
biliproieim couple wtth the protein at the A-ring. The sub- 
stances, which have, in the cncanilmc. become commerdally 
available, were first employed in fluorescence microscopy and 
flow cytomciry. (hereafter as labeb in immunoassays. When, for 
cxunple. fluorescein waj replaced by phycociyihrin in a jand- 



wich immunoassay, t significant iiurrcase in scnsmvity (factor 
2-10) was achieved: however, this was below that expected 
from the spearal dau ("'"'The size of the label and the difTt- 
culty in coupling arc unfavorable. Since the phycobiliproteins 
show a broad exdiation and emission band, a parallel deternu- 
nation of several parameters is concdvablc by the use of differ- 
ent labels with non-ovcriapping emission bands. This was con- 
firmed in preliminary experiments. 



5J.i. ffaorescence Polarkaiion 

The prindpic of fluorescence polarizalion,^^^* known for a 
long lime, was first employed in the antigen-antibody reaction 
in 1961.^^*' Fluorescence polarization immunoassay is based on 
ihc following prindple: if a fluoresdng compound in solution is 
exdted by polarized light, the observed emission is also polar- 
ized. The degree of this polariiarion depends upon the rotarion 
rdaxaiion time and, thus, on the size of the molecule. If a small 
(Af: 3-lOkD) fluorescent-labeled fest-rotating molecule b 
bound to an antibody (M ^ 160 kD), the result is an increase in 
the routing relaxation dme of the slowly tumbling inununo- 
complex and thus also the polafizaiion of the fluorescence. With 
this prindple one can diffcreniiate between unbound labeled 
antigen and immunocomplex. The method is, however, not suit- 
able for large antigens, since the rotation hardly changes on 
formation of the immunocomplex. A more exaa derivation of 
the measuriOTent principles is ^ven in reference [63], The flao- 
rophores mentioned already can be used as labels, although 
substances with longer fluorescence lifetimes would be more 
advaniagcous. In most cases fluorescein isothiocyanate A is em- 
ployed. Accordingly, the sensitivity is limited by factors men- 
tioned already. 

SincE no separation step is necessary with this principk (ho- 
mogeneous immunoassay), determinations can be carried out 
rdativcly easily provided that sensitivity in the picomolar region 
is not required- Fluorescence polarisation mimunoassay is wide- 
ly used particularly in the area of drug analysis.t^* *'' This 
method can also be employed in environmental analysis, for 
example, in the determination of polychlorinaicd biphenyls 
(E^CBs). Fluorescein derivatives arc used as labcls.^^^ 



5 J J. Tmt-Resolttd Fhior^cence 

It has already been mentioned that the limiting background 
fluorescence and the scattering effects can be excluded by the use 
of bbels valh very long fluorescence lifetimes and by taking 
mcasurcmcnis only when the background signal is no longer 
present. Generally, the lifetime of the unspccific background 
signal is less than 10 m. For an interference-free measurement of 
a specific signal, labels arc required whose lifetimes arc at kajsi 
10 times the decay time of the background.*^** Suitable organic 
Otiorophores with lifetimes r >50ns are, however, very rat^- 
Pyrene derivatives such as F in Scheme 13 exhibit Ufetsmes of 
approximately lOO ns, which, however, were shown to be insufft- 
dcnt.'**' The lifetimes of phoshonescence processes arc con- 
jidcrably longer. The prindple Applicability of phosphorescent 
labels, such as erythrosin derivatives in oxygen-free solutions, 
could indeed be shown but no progress with phosf^orcS 
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cencc achieved due lo its low quanium yields and high 
ejcpcndiiurc. 

It was not until complexes wiih rajc-canh metaJ ions, primarily 
europium(itiJ. were ctoployed as labcb Ihat prospects of attain- 
ing a drjstic improvcmcni in the sensitivity of nuoreccoce 
imniunoasfwys by lime-rcsolvcd racasurcnienis ond develop- 
ing more sensitive fluorescent alicrnatives to RIA were real- 
ized J**"*' The use of europium irisdiketonaics was proposed 
by Wicdcr*-**' in 1978 and developed further by other 
groups,**^^ 

The chelate complotes of europium(m), ierbiura(U)), saraaii- 
um(in), and dysprosium(ni) are distingmshcd by unique fluores- 
cent properties (cf. I in Schcnie 13 and Table !)• Apart from 
extremely long lifetimes of about 1 jis to 1 ms, a very Urge 
Siolce's shift (>200nm) and sharp emission lines impan the 
comptexes with a high scnsiiiviry (10"** molL'*).*^ "' The 
reason for the observed lifetimes lies in the excitaiion/cmission 
mechanistn. After exdiaiion of the ligand to the 5j state and 
intcrsystem crossing to an cnergctkaDy suitable triplet state of 
the ligand, an cfTcciive energy transfer to the resonance stale of 
the metal ion occurs, which then gives rise to i sharp emission 
characteristic of metal ions J** 

The fluorescent properties of chelates of rare-earth metals 
alone toll do not produce an efficient label for immunoassays. 
What is essential, also in aqueous buffer solution, is a stable 
binding to anrigens and antibodies. Due to their high stability and 
solubility in water, polyaminopdlycarboxylatc chelates, chiefly 
dcrivaiives of eihylcncdiaminetetraacedc add (cdta) or dicihyl- 
cnctriaminepentaaalic add are used for most applications. The 
use of diazo- and isothiocyanatophcnylethylcDcdiaminetri- 
aceuic for coordination to europium(nr) and tcrbium(ni) has 
been describedJ"' Likewise, mixtures of clhylencdiaminctri- 
acctic add, terbium(ui), and S-snlfosaliQ'lic add,''"*-*^'' mix- 
lures of an cdta derivative, curopium(ni), and a ^-dikc- 
lonc'"*-'** as well as dicthylenctriaminetctraacetic add 
derivatives with different trivalent lanthanidcs'"^***^** were 
employed for the labelmg (Scheme 14). 
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Since many of the very stable lanthanide chelate complexes do 
not fluorescence with these ligands, a dissodation step must be 
carried out prior to dctccdon.''"' Furthermore, once the immune 
rcaaion is compieie, a so-caDcd enhancement solution is added 
after washing, u^h leads lo the dissodation of the didaic coro- 



plex and to the formation of fluorescent complexes (DELFIA 
system (/hssoriation Enhanced Lanthanide /Tuorcscence /m- 
muno->4ssay)l. The 1 ,3-diketone3 /?-naphthoyItrifluoroacetone 
and pivaloyjrrilluoroacelone arc commonly employed. 

The use of chelate complexes with trivalent lanthanide ions 
fadKtated not only the development ofhighly sensitive immuno- 
assays by ome-resolved measurement, but also the simultaneous 
determination of several parameters, since Eu"*, Tb° Sm" and 
Dy*" complexes emit at considerably different wavelengths and 
have different fluorescence lifetimes. Several double deceimina- 
lions have been describedcf"'- Eu'"/Tb'" chcUtesl'« or Eu*°/ 
Sm'"^^^^ complexes were used as label pairs, la simultaneous de- 
temiinaiions of parameters from each, the dissodation/ 
enhancement prindple vraj employed. A simultaneous and 
highly sensitive determination of more than two lanthanide la- 
bds is, however, not possible with the simple enhancement solu- 
tions. 

Simultaneous multianaiyic determinations arc gaining inter- 
est,^'*' since with the four linihanidc ions mentioned and spedaJ- 
)y developed enhancement solutions, so-called co/uorescencc- 
based enhancement jolulions (CFES)/^^' four parameters could 
be determined simultaneously by using timc-rcsolvcd fluores- 
cence raeasureracnis.*'^* The enhancement solutions formed in 
this way consist of a dissodation element, pivaloyltrinuoroacc- 
lone and Y*". as well as an dement, IJO-phcnanthrolinc which 
enhances the fluorescence, Europium(in) and terbium(in) 
chebtes with maaobicyclic ligands that contain a,y-bipyridinc 
or l.lO-phenanthroline units were already described earlier as 
efficient luminophorcs which act as molecular light U^ans- 
formeis.J^''^' 

5.7.5. FJaorescfrtCt Energy Tranffw 

In the application of fluorescent labeb for immunoassays, the 
prindple of fluorescence-polarization, which fadlitatcd devel- 
opment of homogeneous immunoassays, has already been men- 
tioned. Another method, in which no separation of the unbound 
labeled molecules from the immunocomplcxes is necessary, uses 
fluorescence energy transfcrs.^*^* In this case an energy trans; 
fer from an electronically exdted fluorophore (donor) to a ndgh- 
boriog acceptor dye molecule (quencher) occurs by dipole -dipole 
coupbng. According to Forstcr'®^* the cfiidcncy of the energy 
transfer is indirectly proportional to the power 6 of (he distance 
With Forslcr'j theory disunce measurements in molecules, for 
example, can be obtained,'*^' and for cfficienl energy transfer 
distanas must not be grcQier than 10 nm. This condition is ful- 
filled in many antigen -antibody complexes. If, forexample, the 
antigen is labeled with the donor and a spedfic antibody is labeled 
with the acceptor, quenching of fluorescence (of the donor) 
occurs in the immunocomplcx. In a mixture of labeled and unla- 
beled antigens the fluorescence signal increases with the quanti- 
ty of the unlabeled analyte to be dciemiined. 

The requirements for the fluorescent labels (donoa) that 
should be employed in energy-transfer immunoassays arc the 
same as those for fluorescent labels alfrady mentioned. Funhcr- 
rnorc, the choice of the dotwr- acceptor pair must be such that 
the emission spcctnmi of the donor and the absorption spec- 
trum of the acceptor overlap wdl. In the bcpnnmg the tisc of 
the donor-accsptor pair fluorescein isothiocyanaie/tctramcthyl- 
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rhodaminc isothiocyaDaic was diScribcA"^^ Since intcffcrence 
from backgroimd signals siich as background fluorescence from 
scnim arc parricufajly large in homogeneous immunoassay, stan- 
dard labels sudi as fluorejcein iiothiccyaDaie, unibclliferones, or 
dansyl chloride certainly are of little significance. For the latter, in 
addition, ihc high sensitiviiy for badcgromid effects is disadvanta- 
geous. The same can be said for rhodamincs sudi as i^ramdhyl- 
rhodaminc. Due to higher absorption and onission wavcnum- 
bers. phycobiliproteins and lanthanide chelates are better suited 
as donors. With the latter, partiojlarly in conjunctian with time- 
resoKed meamremenls. the dcvelopmcct of more sensitive fluo- 
rescence energy-transfer immunoassays is possible. Also subsd* 
tuied fluoresceins with absorption and emission wavelengths 
greater than 500 nm (cf. Scheme 15) were used as donoT?.^'°' 
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COjH 

ScbtmelS. Fluorescein <fcriv»Uv« employed in fluorescent energy cnntftrt; 
D - donof mfllocufci, a - ucocptor rooteculM- 



thc energy acceptors (quencher labels) should ideally fulfill the 
following conditions:^°^» a) high cxtiuction coeflidcnt of the 
emission wavelength of donon b) no flucresomce during cxdu- 
tion in the absorpdon maxima of donor; c) good solubility in 
water in order to facilitate multiple labeling with the quencher 
(greater quenching cfTcct): d) the smallest possible background 
inierferencc in the absorption spearum. 

Since frequently used acccptoix such as teiramcihylrho- 
daruiaes do not fulfill these rcqmrancnls, new non-fluorescent 
fluorescein derivarivcs were described which form effective pairs 
^with the donors in Scheme |5j»«-**! 

Fluorescent labeling and the principle of fluorescent cncigy 
transfers have recently alio found application in the develop- 
ment of bioscnion.^^^1 Detection can be based on the quenching 
of emission from the donor, new emission from the acceptor, or 
on the ratio of both emusion wavelengths. One biosereor prin- 
ciple based on Langmuir- Blodgett films and fluorescence 
gy transfer with a cumarin derivative as donor and IctramcihyJ- 
;hodaminc as acceptor was recently described.'**) 
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5.2. Cbemilnraincscent Labeling 

A considerable difTercnce between chemilumincscent detec- 
tion syncms and fluoresant labels is that former do not require 
the irradiation of the exdution light Wth these chemiluroines- 
ccat systems, in particular, in working with scnim, the problems 
with high background signals, which are mainly responsible for 
the limited sensitivity of many methods with fluorescence detec- 
tion, arc prevented. However, in several chcrailumiricscent la- 
bels, complex systems comprising oxidation reagents, signal en- 
hancer additives, and catalysts can likewise lead to an unaoccpt- 
abb high background signal, which, of course, has an adverse 
cffca on sensitivity^*"^' In the case of chemilumincscencs detec- 
tion in analysis systems, which above all arc applied in medical 
diagnostics, compounds mainly from the foDowing categories arc 
cmptoycd:*' lo-ts. ni ly^fenns in combination with the corre- 
sponding hjdfcrascs, cyclic arylhydrazides, acrkliitiani deriva- 
tives, stable dioxecancs, and oxiHc acid derivatives. 

5,1. L ^olumincscence 

The hcifcrinlfudferase system of the Sorth American firefly 

One of the most well-known and most studied light systems in 
nature ^operates" io the North American firefly (Photintu 
Pyralus) • Although the mechanism of biolimiincjccncc has been 
studied for more than 30 years, and the benzothi&zole derivative 
lucifcrin became available synthetically and was struaurally de- 
termined at the beginning of the 1960s, not all the details of the 
biolumincscence reaction have been elucidated. Since a more 
detailed descripdon of tliis and other biolumincsccnl systems 
would go be>*ond the framework of this review arbclc only the 
latest developments are described briefly. 

As had been assumed for a long timef^^'*"* and to a large 
extent proven ai the end of the l970s,^*'^' the specific ludferase 
of the firefly catalyzes the oxidation of hidferin in the presence 
of ATP and magnesium ion» (Sdienoc 16). Inidally a complex is 
formed from the acyl-AM? spedes of ludferin and lodferasc In 
the presence of oxygen oxidation ensues to ^vc cxdted oxyhid- 
fcrin which returns to the ground state by emitting a pho- 
^Qj^ li5.8J.90j In yjyjj ^ yellow-green emission {X^ « 565 nm) 
of the dianion was observed and In vitro an additional red emis- 
sion (^=6 J5nm) of the monoanion^xdiich waspH-depen- 
win. 90.911 -[^^ oxidation proceeds prcsumaWy via a dioxc- 
tanor« intermcdiacet'*-^^'*^! which dccarboxylates to furnish 
excited oxytudferin. 

To what extent one can view the often proposed dioxetanone 
as an intermediate or rather as a transition state is. as in the 
luminesccol systems previously mcniioned, still unclear. Instead 
of the dioxetanonc inictmediares in the oxidarion of Judferins. 
acridiniumcarboxyHc add derivatives, and oxalic add ester*, the 
direct forrnaiion of cxdted products by charge-transfer can also 
be assumed during the decomposition of peroxide intenncdi- 
atet.l'^» The mechanistic dcUils cannot be emphasized within 
the framework of \hh review and interested readen Should refer 
to the cefercoces (1 1, 87. 92. 93}, 

All in an, the light reaction of the firefly appears to be ^ud- 
dated. However, the asajmption, first made at the end of the 
1 950s that CocnTymc A also plays a role in the light reaction 
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Scbctnc 16, Chemistry of (be iiglji niAction of the fiTeny; PP = pyrophosphate: 
aTP = adcnojioc (riphosphaie, AMP - ndcnosinc cnctiophosphate, CoASH = 
coeiiz>Tnc A. 



has been comfimned in the past few years.*"* Addition of the 
coenzyme may further improve the applicability of the firefly 
ludferin/ladfcnisc system in the near future, since the intensity 
and duration of the light emission can be increased. The limiting 
factor for this method until now, in addidon to the limited hy- 
drolydc srabOity of ludferin and the sensitivity of ludfcrase. was, 
above alJ, the poor availability of the enzyme which could be 
extracted from firrflys. In die meandrac the situation has funda- 
mentally changed since the Photum Pyralh luciferasc a protdn 
with a molecular weight of 62 kD, can be expressed in baaetia. 
for example £. ca/i, by genedc engineering methods.** ^' bj.96. sti 
The availability of genetically engineered lodferase and synthet- 
ic ludferin hasnow increased the expectation diat this system, 
which with a quantutn yield of up to 0.88 Einstein per mol is the 
mostcfficieniofall known bio- and <^cmilumincsccncc systems, 
will be more widely applied than previously. 

In the last thirty years essendaUy three synthetic pathways for 
the constnicdon of firefly ludferin have been described, all of 
which proceed via the key intermediate 6-racthoxybenzothiB- 
zole-l-carbonitrilc (Scheme 17).^* '" The routes differ in ihe 
synthesis of the intermediate. Reandy a new synthesis^^'J has 
been published in which 6-mcthoxyben20tbiazotc-2-cart)onitnle 
is obtained in one step by Sandmeycr cyanation of the commcr- 
dally available 2-araino-6-aicthoxybmxothia2ole (Scheme 17). 
The rwnaioder of the synthetic pathway is already well-known; 
cleavage of the methyl ciher and condensation with ixysceine 
furnish the ludferin. In reference |99]. caHier syntheses arcafeo 
TOmmarized. The oldest and until now most important applica- 
Uon of the Crcfly ludfcrin/ludferasc system is derived frotn Ac 
ATP-dcpendence of the bioluminescence reaction- Hence, a sen- 



Schon^ 17. K«y nep ia (be synthesis of Uk flrcOy JudTcntt 



sitive ATP dctcnninarion can be carried out by using this synent 
ATP assays*'**"* are of interest above all in the screening for 
microoreanismj in clinical microbiology in the areas of hygiene 
and nutrition.'***^' A more recent application of steadily increas- 
ing significance is the use of the firefly ludfcrase gene as a 
reporter gene for the quantification of the gene expression in 
{39.1031 figpg 3 measurement of the light emission is made 
after addition of lucifcrio. 

The use of luciferin derivatives/*^^) which themselves arc not 
substrates for ludfcrase, as substrates in enzyme immunoaxsays 
offers additional applications. After the ludferin has been re- 
leased Ught emission is determined in the presence of lud- 
ferasc'^°'' Fn this way derivatives in which the phenolic hydroxyl 
group has been functionalizcd,such as D-ludfcrin-0-sulfaie and 
-0-phosphate, can be cleaved by sulfatases or phosphatases. If 
the carboiyl group of the ludferin can be functionalizcd (methyl 
ester and phenylalanine and arginine amides have been describ- 
ed), the ludferin is released by carboxyesterases or carboxypep- 
adasesj*"^' Ludferin -O-phosphatc as substrate for alkaline 
phosphatase, in comparison to the chromogenic substrate ;r-ni- 
trophenylphospaic, fadlitatcs a sixty-fold increase in sensidvi- 
ty no>«l jn addition, D-(udferin-j5-i>-gaIactopyrano5idc as sub- 
strate for ^galactosidasc was described."***' 

Bacterial luciferin /krivativesllu^iferases 

In luminous bacteria such as Phowbacmium fisckeri and 
Fhoiobacterium phojpkoreum^ ^^ht production ensues from the 
oxidation of long-chain aldehydes in the presence of reduced 
fbvin mononudcoudc (FMHHj), oxidoreduoasc. and bacterial 
ludfcrase.^' ^* The intermediate is assumed to be a per- 

oxide formed from a long-chain aldehyde and a flavin building 
block (Scheme 13). Depending on the baaerium, light emission 
occurs in the blue-grccn to yellow region of the spectrum \wih 
quantum yields of up to 0.3. The emitter is presumably a hydroxy 
derivative of FMN-t* »"Mn Mtrobluc light (A^, = 492 nm) 
is emitted." ^- As with the firefly ludfcrase, several baaerial 
ludfcrascs can be obtained by genetic engineering.'*'' 

The bioluminescence of baaerial ludfcrases can. in priodpic, 
be used to determine all the components that partidpate in the 
hiraincxcncc reaction, that is, NADH, NADPH. FMN. 
FMNHj. long^hain aldehydes, and oxygcn.'^**^' The possibil^ 
ity of determining the concentration of the cxtrcmdy unstable 
FMNH; is theoretical. The use of baaerial ludfcrases :s indeed 
suU less widespread. The bioluminesccnt determination of long- 
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chain aldehydes""^' and trace analysis of oxygen"***'' have 
some ygnificance. A further field of applicaiion is in homoge- 
neous DNA hybridization assays."^' The system for the 
biolumincsani determination of Papilloma viruses serves as an 

Luciferin derhafivrs wiVA imidazopyraiine building blocks 
and phofopTOtcins 

ffioluminescence occure particuUriy frequently in marine life 
sudi as in crabi, jellyfish, mussels, sponges, fungi, and many 
fish.^ '^*-'**^^ The hidferins of the mussel crab Cjpyridina 
M^crtdorftL sea pansy /J^nif/a reniformis^ aad of the jellyfish 
Aequorea aequorea ^ow a strucniral similarity (Scheme 19) 
which infers a common bios)iiche(ic pathway,**^*' The himines- 
cence medtanism is thought (o consist of a catalytic oxygenation 
foUowrcd by ring closure to give an o-peroxylacione. This inter- 
mediate decomposes with the formation of the emitter and car- 
bon dioxide (Scheme 19). One should refer lo the relevant dis- 
cusdofu of the theories concerning the firefly luminescence 
mechanam in specialist literature. 

The photoprotcin Acquorin, which obtained from the 
jelly fish A^uorea vicsaHa in 1962. has aroused particular inter- 
csL in recent years." ^ It consists of a complex of apoaequorin. 
coclcntcra^ne (cf. Scheme 19), and molecular oxygen. Addition 
of calcium or strontium ions to the complex triggers light emis- 
sion.'* One assumes that the binding of calduni ions to the 
protein indoocs the decomposition of the resulting oxygenated 
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chromophore. .\n additional [udfcrasc is not necessary. The 
emitter was postulated to be the protein-bound anion of the 
chromophore (cf. Scheme 19).*'***'*^ The active phoioprotdn is 
regenerated by incubation of the apoprotein with the coetcn- 
taraane in the presence of oxygen, ethylcnediamineieiraacetate. 
and mercaptocthanolJ*^'**' In the meantime the apoprotein has 
become accessible by expression in £. coli}* * * * The symhcsis of 
the coeleniera^inc wa5 described long ago," "' ^^ and in addi- 
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lion the synthesis of some sysicms with a modified siruciure was 
reported.*' * The sj-nthctic route is sumtnariicd in Scheme 20. 

AcMuorin can be used as a biolumincscent label after biolin- 
yhiion. The inggcrine of lighl emission results from addiiion of 
oldum chloride solution. The label can also be detected in the 
altomol region. This label facilitated, for ewmplc the develop- 
mem of a highly .sensitive assay for salmonrlla determination. 
With regard to the sensitivity the test vas shown to be clearly 
iypcrior to other ELISA tests (see Scaion 3.1 J), cvcd those 
with alkaline phosphotase as label and with chcmiiumincsccnt 
diowtane AMPPD us substrtte.**'^* *'^ In addition, the use of 
Aequorin in DNA and protein diagnostics'^ and in thcdeter- 
minalion of serum glycoproteins has been dcscribcd.*'*^^' 

5.2.2. Cydic Arylhydfazides 

The chrniiluminescence of luminot (3-aminophihaUc hydr- 
a2idc) was observed in 1928 in the fom of blue light which was 
emitted dtiritig the oxidation with an alkaHnc solution of hexa- 
cyanorcmte(ni) in the presence of hydrogen peroxide." U- 
rainoi and carboxylic acid hyxlrazides have since been extensively 
studied- A wealth of reagents and catalysu can be employed in the 
oxidauons of luminol and its derivatives. In organic, aproiic sol- 
vents, cbemiluminesccni reactions can be triggered by oxygen in 
the presence of a strong base. In aqueous solutions hydrogen 
peroxide is usually employed in the presence of catalysts such as 
peroxidases, hemin, andcobalt(u)salu.t'''» Hcrseradish perox- 
idase (HRP)/H,0, is frequently etnployed. In the course of 
dmc, difFcrcnt reaction mechanisms have been discussed. * ' A 
simplified reaction mechanism, which is only applicable for a 
one-elearon oxidation and which affords the free luminol radi- 
cal, is given in Scheme 21. According to a more recent review 
article it is suggested that the mechanism should be dmdcd into 
two steps, formation of the key imermediatc. an ^-hydroxy- 
hydroperoxide, and its decomposition to the exdied cmiiier. 
Whilst the foraubon of the hydroperoxide depends consider- 
ably on exact reaction conditions, dccotnposition of the key 
intermediate is only influenced by pH. Under these conditions 
the emitter {ippear^ to be the monoaaiop of aminophtliahc aad 
With other reagents, for example DMSOybase. the dianion of 
aminophthalic acid functions as the emitter. Inicrtnediates m 
other proposed mechanisms are azaquinones, endoperoxidcs. 
and other peroxidic intermediates,*""' 

One of theoldest applications of luminol, which is still impor- 
tant today, is forensic blood analysis.^"^* Tlie application of 
luminol as a substrate for peroxidases ia enzyme immunoassay 
has already been mcniioncd. Coupling reactions arc necessary 
for the synthesis of labels for chemiluminescenl direct labclmg. 
The study of the chemilumincscent properties of lommol and 
isoluminol derivanves»»^1 had revealed thai isoluminol only 
has approximately 10% of the quantum yield of lummol, Smce, 
however, the chemilumincscent quantum yield of lummol d^ 
creases sigmfiaintlyJ"-*^- * ''^ ' i^^^^ P"^^^ ^.''.^P 
U lubsututcd. isoluminol derivatives, which are not sensiDve 
^th regard to substitution of thcamino group, or the even tnorc 
advantageous 

nanhthalencdicarboxylic acid hydrazines which 
ttl,ibithigh«lieh;vidds.«'''"'*«easa™iecmp!oyedmihe 

«ynthe«s of aiylhydrszide labds. TLe first label based on lumi- 
nol. diazoluminol.""! clearly showed <hc disadvantages out- 




Schcflic 21 . Simplified tn«cfurj$ni of the chcnuJumititsccnoc rcjdlon of phtholk 
hydrtodcs. Or - oxidwing which atTordi ilic free luminol ra<fial, for cxiun- 
pic HRP. R = i-NHj! laminal: R = ^-NH;: isoloniinol. Since the rcpochcmijuy 
or most pr«c3a H unclear, ths position of the R raiduc furuim open, a » daHu 



lined and the quantum yield decreased to I % of that of luminol. 
Considerable improvements wcrt brought about by isoluminol 
derivatives in which the coupling group was introduced via the 
amino funcrionality.f * * The structure and the synthesis of some 
important arylhydrazidc labels arc summarized in Scheme 22. 
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4-Amino-^-tnethylphihalic imidc served as the 
starting material, which was jiiccesrivcly alicylaled 
with //-(broraoalkyJ)phthalic imidcs and diclhyl- 
sulfalc The subscqufim hydrazinolysis of the bis- 
phihalic imidc furnished the frequcndy used phthal- 
ic hydnuidc labels ABEI and AHET (N^wmo- 
butyl- or //-aminoh^tyl-A^-cthylisoluniuio!), which 
contain an amino funaionality as the coopltng 
group. The phihalic hydrazidc label ABENH {N- 
aminobuiyl-AT-ethylnaphthylhydrazidc) was ob- 
tained by a similar method. The ctaTting material 
was dimcihyl 7-aniino-l,2-naphihalcnedicarbox- 
ylatc'"'*" Derivatives of these three labels which 
contain oiKer reactive groups (isoihiocyanate. N- 
hydroxysucdaimide ester) are also known. Con- 
version of AHEl to a derivative with a VY-hydroxy- 
suocinimide-rcactive ester was 9hown previously in 
Scheme 3. 

Arylhydraddc labels have and arc finding broad 
applicailion in immunoassays for cbemilnmhies- 
ccm labeling of small and large molecules j^"' A 
distinct disadvantage is the considerable loss ofihe 
Imninsccnciinc quantum yield of the label after the 
coupling. Furthermore, these labels arc prone to 
interference since many components caulyze the 
luminescent reaction. In addition, the reagents 
which trigger light emission give rise to a large 
background lignal which decreases (he sensitivi- 
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5.2 J. AcrifSnim Compnunds 

The chemiiuminescencc of (ucigcnin [9,9'-bi$-(^-meihylacri- 
dinium nitrate); Scheme 23) was rcponed in 1935.^' But it was 





Schcmf 13. ExaiBpki of dtcma umi n ettm l acriduinmi compounds and ecfidancd: 
Z 3 Iciviag ptiup. 



not until around thirty years later that studies led to other 
chemihiminescent acridinium compounds. These are specifically, 
9^1orocarbonyl»:ridinc hydrochloride,^^'*' 9-carboxy-lO- 
mcihylacridinium chloride.'^-" and 9-cyano-10-mcihylacridini- 
um nitrBlc.'"-* Today 9-acridjniumcarboxy!ic add derivatives 
and acridanes are among the bcst-siudicd examples of chemilu- 
mincscent compounds. No additional 1 rtagcnis. apart from hy- 
drogen peroxide and base, arc necessary for the chenulumlncs- 
ccnce of acridmiuracarboxylicacid derivatives. Quantum yields 
of up to approximately 0.05 can be anaincd with ary! esiers;'* " 
higher uill arc ihc Ughi yields which can be attained with 



acridane aryl esters. The lauer exhibit eflicient chemilumines- 
cence after treatment with a base in the presence of oxygen.^*"^' 
Only the aoidioiumcarboxylic add derivatives that have been 
more important for the development of luminescent labels will 
be considered in more detail below. The mechanism of their 
chemilumioescenoe shown in Scheme 24 can be considered to be 
elucidated as far a£ possible. 

First of all, addition of hydrogen peroxide takes place at the 
electrophiHc D9 position of the acridinium unit. In the case of 
aryl esters— the leaving group Z then stands for phenolate— the 
corresponding hydroperoxides could be isolated and character- 
izcdJ*^^' Aflcr the addition of hydroxide spontaneous cbcmilu- 
raincsccncc resulted, usually as intense light flashes. A dioxe- 
tanonc is often proposed as ioterTnediaic; which decomposes to 
give carbon dioxide and elcctromcally exdtcd iV-meihylacri- 
dooc, the emiticr. The transition to the ground state ensues by 
emission of a photon at a wavelength of approximatdy 430 nin. 
According to more recent studies,'"*^ however, no dioxetanonc 
seems to appear as a discrete intermediate. The final product of 
the light reaction, /^methyl acrid one, can also be formed by 
other pathways in dark reactions. An important prerequisite for 
degradation in the dark is die well-known'"*' pH-depcndant 
picudo-basc equilibrium of acridinium compounds." The re- 
actions, which for the phenyl ester wcic studied more accurately 
in a Row system,**-** are imcgraccd into Scbanc 24, Ic h imme- 
diately dear that both the light reaction and the dark process arc 
dependent, for tnsunce, oc the properties of the leaving group 
Z. Other important faaors include the peroxide concentration 
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and the pH valuc^* McCapra ci al. showed that for cfTcc- 
tive chemiluminescencc the p>C value of the conjugate acid of the 
leaving group should be less than 1 2 -the pK value of hydrogen 
peroxide*' Since a good label should CKhibii a high chemilu- 
minescent yield in addition to a high stabiliiy in the labeled 
reagent, the discovery of suitable compounds can be equated to 
a fine balancing act, ending in a compromise between lighc yield 
and stability. 

The fim attempts to use 9-acridimumcarboxylatc as a label in 
immunoassays vwe reported at the beginning of the 1980s. In 
this an attempt was made to couple aiyl esiers, which contained 
free carboxyl groups, to proteins, after activation of the car- 
boxyl groups. These labeling experimena had only limited suo- 
ccss ri38i until a phenyl K-methyIacridinium-9-car- 

boxylate, containing a hydroxysucdniniidc ester on the phenyl 
group as the reactive group for coupling to proteins, was used 
that successful labclings could be carried out,**"- The iyn- 
Thesis of this prototype of a chcmilDmincsccnt label based on a 
9-acridimuracarboxylic acid derivative P^ '" '""'^'' the so- 
called Woodhead label. Is summarized in Scheme 25. 



/occ 



An important precunor for this and other labels discard 
Uicr was 9-acridinecarboxyric acid, whose synthesis is shown in 
Scheme 26. One reaccion route suns from acridine and F^- 
ceeds via 9<yanoacridine lo give the caxboxyUc add."^' In 
another synihctic method 9-acridinecarboxylic add is fonned 
from diphenylaminc, which is acylatcd with oxalyl chloride and 
is cycliicd by using ahirainum oichlondc to ^vc the iV-phcnyl- 
isadne.<^"» The synthesis of sutedtutcd ecridinecarboxyUc aads 
fromsubsdtuted A-arylisaiincs has also been described;""* How- 
ever, it appears to work only on a very small scale. 

Since the aaidinium ester labcJ mentioned was not sufHaaiily 
stable for dcvelopmcm of omimcidal chcmflummcscencc im- 
munoassays"^*^ (hydrolysis of the ener bond fcf. degrada- 
tion in the daric in Scheme 24) resulu in a too rapid a dccr«sc 
of activity in conjugaics). differcnl research groups have been 
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Scheroe 2fi. Possible jytJiirJc rouics to 9-acridineCiAoiylie tad. 



looking for more stable labels based on acridiniumcdrboxylic 
add. One solution 10 the problem involved the stcric shielding 
of the ester bond and the C-9 position of the acridine unit, for 
example, by methyl groups in the 2,6-posilion of the ar>i 
ring.*'^*' In addiiion, other 9-acridiniumcarboxyIic add-(2.6- 
substitutcd)aryl esters were described."^*' Here the rcacuvc 
group can also be bound through a spacer to the acridinium 
system. To complete the picture one should not forget to men- 
tion that aryl /V-mcihylphcnanthridinium-6-carboiylates have 
been described as chemilumincsccnl labels." 

Other research groups have attempted to improve the propcr- 
lics of the acridinmracarboxylic add derivatives in comparison 
to those of the aryl ester^ by varying the leaving groups. Thiol 
esters, indeed, brought about progress in as far as the light yield 
is concerned, but not, however, as regards lo hydrolytic stabili- 
iy,"'"*' A signiHcant improvement of the sUbiliiy and very good 
eherailuminescenee quannmi yields were achieved when A'-sul- 
fonylamide anion was used us the leaving group instead of phen- 
oxidc."^'"***' In tliis class of compounds the spccinimof prop- 
erties can be influenced much more spedfically than for the:, 
acridinium ester labds by tailored variations in the siruaures. 
For instance, the solubility in water (an important parameter) 
can be significaniJy improved by the introducuon of suitable 
substiiuents."^'-'**' The synthesis of //-mcihylacridinium-9- 
(yV-sulfonyi)carboxamidc labels is summarized in Scheme 27, 

In addiiion- the hydrolysis behavior and the kinetics of emis- 
sion can be varied to a certain extent.'"^' ' Although phenols 
and sulfonamides have similar pK values, labels with the latter 
are usually considerably more stable. This may be atiribmod to 
a combination of stcric shielding effects and electronic siabiliza- 
lioD,"*^ *"^^* through which the dark reaction pathways de- 
scribed are mimmi2Ed. It is assumed that in /^-sulfonylcarbox- 
amides there is an increased bond order of the C-N bond in 
comparison to the ester C-O bond. This is also evident from the 
frequencies of the carbonyl stretching vibrarion in the IR spec- 
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Labels based on 9-acridiniumcarboxyfic esters and acridim- 
um-9-(//-sulfonyl)carboxamxdes have, in the me^time, found 
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broad applicacioa in commcrfcat immunoassays (see Section 
6)-'*'***'**' Up until now only a few appUcaiiona for oiher 
acridinimn dsnvaiives have been described. For example, luoi- 
gemn can he used in miccHx] Jar chcmilumincscence assays for the 
decenninaiion of rcductants (ascorbic add, uric add. glucose, 
and fructose).***^' The micelles arc necessary to improve the 
solablity of hidgenin. 

5.2,4, Dioxetws 

Dioxaancs have for a long time been regarded as merely hav- 
ing curiosity value in ihc labordtory. Use of the extremely un- 
stable compounds in reagents for diagnostics was not considered. 
U was not untO after adnnuniylidcncadamanune-l .2-dioxeiane 
(an cxircmdy stable compound due to the sicric shielding prt- 
pared by W. Adam ci ai.'»'*> in 1972) becnmc known that the 
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devcloprafint of dioxcUnc labels really took ofT. Light emission 
could only be infigcrcd thermally for stable dioxeianes of the 
type mentioned which exhibit a half-life of greater ihan 20 years 
at room temperature. In ihes thenpolysis Iwo molecules of 
adamantonc arc formed, parll: ' in the 5, state and partly in the 
Tl state (Scheme 23). In prindcile, deavagc can occur according 
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Schaijc 28. SimpliJtcd rrpirscnudon of ihc dccompofllioft reaaion of dioxettno. 



to a diradical or a concerted mechanism A stepwise path- 
way, involving hemolysis of i\ c 0-0 bond and formation of a 
diradical, has been proposed for the decomposition of the stable 
dioxeunes.'^*'^ The light emission results from the deactivation 
of the 5, exdtcd spcdes. Dioxctanes, which, in addition to the 
stciic stabili2ation by only one adamaniyl group, siill contain a 
subsiituent of low oxidation potential, mostly aryloxy, undergo 
a different decomposition nxed^Ism. This decomposition route 
is triggered by cleavage of the 0-0 bond and by an electron 
transfer from the oxidizable gionp into the antibonding orbital 
of die paoxide bond (CTEEL mechanisin. chemically mitiaied 
elcarcn exchange AiminescenAc).*'^*- This mechanism 
for the dioxctanes mentioned [which are substrates for enzyme 
labels is discussed in Section 4. 

FuncDonalized adamantylideneadamantanes that coataio a 
reactive group bound to a spacer have been described as a labd 
for thermochemiluncsccnt ininurioassays*"*^ (Himimelea et 
al., 1986). The synihesia of on^ sudi label is given in Scheme 29. 
The starting material is adamaiatylideneadamantane, which can 
be obtained ra two steps froiD adamantanone,"*^ la the last 
step of the synthesis, scnsitizea (methylene blue) photooxygena- 
lion, a mixture (ca. I : ! ) of twci dioxctanc isomers results, which 
was used in this foim in the labeling experiments. The overaU 
yield of the sevcn-step synihesiL, starting from adimantanonc is 
50%, The triggefiof of lumirjescence results from heating the 
sample adsorbed onto aluminum oxide for a short time at 
240 *C. An apparatus for measuring ihermochemiluminescencc 
has also been described.""! since the effidency of the direct 
chcmilnminescence of adamantylideneadamanune-I,2-dioxe- 
tanc is I X 10** (6 x 10" photons per moJ)<'"» under optimal 
conditions (only 1 % of dial of luminoO, an increase in the 
cncfgy transfer to a good (luorescait dye is necessary. Bovine 
senmi albumin conjugates wiih the dioxetanc label and 9,10- 
diphenylanthraocnc, which, la tum, have been uicd as labels in 
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labeled however, rxently aho such dioictane labds for direct 
labdingmithods were introduced."**'- '""The synthesis of a 
sslected label is outlined in Scheme 30. Apart from the alyloxy 



Sdiane J9. SjrWhcs. of a ikamochcinniimiiKMenl dlOMtant bbd. DMf - di- 
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/luotescencc mnplified rhermodianiluminescence innnunoossay 
(FATIMA). have been described. The first assays, for example, 
fonhc tumor marker CEA have been described but the thennc 
chemilumincscence prindplc appears to be altogether loo conly 
for wder commercial use. The search was then started for model 
compounds for thermally somewhat less stable <iio««^e 
which could be activated at approidmately 150"C."". For ex- 
ample 9-itanthenyUdeiieadamantanc decomposes at aiound 
lOO'C (Hwnmelen ct al.. 1988). The light emitted *■«•"• 
compound corr«pohds to the emission from adamantonc. Oth- 
er moooadamantyldioxctane derivauves of the xanthene, najA- 
ilialene, and phenyl scries, which can be triggered enzymaocaDy 
and chemically ai»d la which the olefinic starting matenal con- 
tains a methoxy substituent to facilitate dioxetane synthesis, 
have been dcxribed (Schaap el am987).- *'« Shortly aftor- 

watdi AMPPD, already mentioned in Section 4, was repotted. 
In contrast to the above-mentioned ihcrmal decomposition, the 
emitter in the OEEL decomposition of adamawylidcnearyl- 
oxy-ia-dioicianes. whidi can be triggered enzymattcally or 
chemicallv (cf. Scheme 10). is chiefly an excited aiyloxy anion. 

Thus, in less than twenty years since their discovery, diox.^ 
Unes have developed from merely being laboratory cunoaties 
to bdngstable derivatives employed worldwide in immunolgica^ 
and biochemical analysis. The development has not yet reached 
an end. UntU a short time ago the 1 J-dioxetanes. wb«A on be 
tHggeredenzymaiicallyorchemically.werenotknou^asctesa- 

csl labeb with a reactive group for coupling to molecules to Ix: 
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aiKBcrcd chanleaDy. Uttdtax = polymef^pporud Rose Bcfigil. 



group ihown which can be dczvcd to trigger lummesamcc oih- 
er substiiucnts can also be employccL for example, phosphate 
and galactosyl groups. In addition to the hydfoxysucdnimide 
esters shown other cortunon reactive groups should also be con- 
sidered. A label with a bioiin anchor and its use for labeling 
proteins and antibodies has abo been described.**'**' Further 
applications of this relatively new label art as yet unknown, but 
judging fnmi the high quantum yields (0.20-0.25 in DMSO)*'*> 
ihey win presumably not be long in coniing. 

Finally in this section on dioxetanes another new class of 
rdatively sublc dioxetanes Aould be roenuoncd namely, 
phenyl-substitutcd bcnzofuran-l,2-dioxctancs.*' These 
give quantum yields (up to 4x 10"*) siaiilar to those of the 
enzyme substrates described earlier. The acctoxy-substituted 
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Scttcmc Jl. Slryclarc aod dccomposinon ofa battorunadiojutanc. 

compound shown in Scheme 31 decomposes, presumably base- 
induced, according to the CI EEL mechaoism. For analogous 
siioxy-^ubstttuted com pounds decomposition can. as with simi- 
lar adamantyl systems, be triggered by fluoride ions.*'^^ 

5.2.5. OxaUc Acid Detivaxhes 

Oxalic add derivatives such as oxalyJ chloride,^**'- car- 
lain oxalic add anhydrides,'"^' diaryl esters,*'^** and oxam- 
idct^**^' arc among the s>uthctic molccubs which exhibit the 
highest chcmiluraincscence quantum yields (up to 0.5)."'^ In- 
tense luminescence is observed in the presence of a floorescenc 
dye during the oiidaiion of oxalic add derivatives with hydro- 
gen peroxide. Despite extensive studies the complete mechanism 
of pcroxyoxalate chemilumincscence is still not fully under- 
stood. A dioxetancdione is often proposed as the energy-rich 
inierracdiaie which forms the oxalic add derivative by reaction 
with hydrogen peroxide (Scheme 32). However, according to 
the results of more recent work, this highly strained iniermcdi- 
aic is not formed a large number of possible intermediates 
is Shawn in Scheme 31«»*- '"^ '"i As has already been consid- 
ered in other mechanisms, reaction pathways involving dcctron 
tnnsfercrencrgy transfer are discussed." ' RnaUy. either cxdted 
carbon dioxide is formed which activates the fluorescent dye by 
energy transfer, or a charge-transfer complex is formed which 
decomposes to give CO^ and a fluorescent dye molecule in ihc 
exdtcd state. The luminescence of these systctns is rdativdy long 
lasting and the emission color can be controlled by choice of 
dye. The best known application of diis are the Cyalumc liffhi 

OxAlic add esters or owrnidcs cannot be considered for the 
development of luminescent labels for diagnostic purposes be- 
cause the solubility of the oxaUtcs and fluorescent dyes requires 
the use of or^nic solvents: ihc compounds m hydruly?^ quick- 
ly in aqueous solutioiu.'' »• However, oxalates are employed in 
chmduminesccnce detectors in HPLC or flow injection analy- 
sts. ^ - ' I The appropriate systems allow, inter alia, analyas of 
environmental toxins, drugs, ammo adds, fatty adds and 
amines v^nh dctecuon sensitivities ranging from the nanograms 

1062 



O 0 

tl It 
X— c-c— X 

X = OAf . WRj 



2 CO, + F 



anoHy-ricft 
tnremwdiata 



= fluopsscef) 



f * hv 



SetBctton of postutsted cnorgy-ridi ntarmediato^ 



OH O 

)-4—c-c 



o o 



o o 



O 0 



C-OAf HCXX:— C-C-OAf Art)— C-C-O-O-C-C-OAf 

OOH 



OH 



OH OH 



0 — O o — o 0 0 



0—0 



O 0 

M 

0 0 

1 I 

O 0 
0 o 



o 



I 0 ^0 

T "V 



Scheme 32. MechanioD of cbcmilumuicsccncc for oxalic acid derivatives. 

into the a tiomol region. Another interesting area of application 
of oxalate chemilumincscence in diagnostics is the quantitative 
determination of oxalic add in urine with detection limits as low 
as 10 nmol L"* ^ For this purpose the oxalic add present is treated 
with carbodiimide in the presence of hydrogen peroxide and a 
fluorescent dye. The light cmissioa measured is proportional to 
the concentration of oxalic add.^"^"^' Even the dctefmina- 
tion of porphyrins in urine is possible with this method. la this 
case a fluorescent dye b not necessary because the porphyrins 
themselves act as sensitizers."''** 



5J.6. Electrochtmibmintscaice 

The triggering of chemiluntinescencc by dcccrochanical pro- 
cesses has been known for a long time but has only gained prac^ 
tical significance in recent years.'' Radicals produced electro- 
chcmically play a significant role in these processes and the 
elecuochemical exdtation of luminol/hydrogen peroxide mix- 
ture has been studied in detail.'*^'*' Luminescence is observed 
with potentials greater than 0.5 V. A mechanism similar to the 
one presented in Scheme 21 is assumed for potentials of up to 
0.7 V. Diazaquinonc produced elcctrochemicaUy reacts with hy- 
drogen peroxide. At higher poieniiaJs (1.2 V) the reaction is 
considerably more complex since the amino group of hnninol is 
involved in oxidation processes." An electrochemital detec- 
tor based on this system can be used for the dctcimination of 
hydrogen peroxide. 

In addition, the electrochemical processes of acridinium com- 
pounds have been investigated.'* Whikt hicigenii: b reduced at 
-0.3 V and gives rise to luminescence in a subsequent leaoion 
of die radical acridinium esters show no activity in the range + 1 
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t(i 1 \ Mituo\t'r, ihc ItuiAinoccnt rcuaion ofiKc ocridiniun) 
cMcr^ can He innuiu-vl cIcviriKhcinically hy hytlrogcn peroxide 
prtHluocxI iVoiu \i%vjKn. Thiv pnnoplc lacitiiaCcd de\-clopmcni 
nf ilclcvt(*r> N>r tjNclcd 4nul>tc5 uiihouc th^ need for additioruil 
rcapcni>. i y^tn liihrtcd wiih ihc first ;iadinium cs(cr dcscnhed 
wriicf could K- dtnccicd wiili a >cnMiivii> 4if fO fmolj*"* 

TKc chcintluinmoocncc of ruiheniuniiiil) chelzilc complexes 
hi% been Inovk-n lor a long iimc," likc^^ix ibc elearo- 
chrmicall> eencmicd lumincNCcnce Irom tfishipjiidineruih- 
coiunMiii cMaicN.***"*^ However, ihc tabding of haplcp:^, 
proteins, und nucfctc ucidii wtih ruthcniumnU chelate> was only 
dc?cnhcd rccvncly.****'' The ruthenium complex, which is 
shovi-n in Scheme ^^. uses a hvdrvrwiucanimide cslcr sub- 
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-Milucnl as ihc rxruciivc group. The ad\-ant:ipc( of ihc label cited 
;irc hief! ?whilify, reUnvcly low molecular wicht. high solubil- 
ity in water, and high jcnsitivity the dcteciion limit of the labd 
is ZOOfriH^M.' V Multiple labeling of proteins and oligonucle- 
otide!! are p(>5sihle without being dcirimentnl to immune reoctiv- 
ily. !H-»lubiHiy. or jhility of the conjugate 10 hybridize. In the 
electrochemical reaction .(Ru(bpy),|- ' ^hpy = bipyndine) ij 
fim oTidiA^d 10 fRulbpy),)' * on the electrode surf:tce. Simulta- 
wusly, Ihc tripri^pylaniinc (TPA) prc.<enl in a large excess is 
lifccwit:c OXidi/ed to a rddtcal cation TPA * which spi^nianeotis- 
ly dca\T!t a pawon. I n the ixMCtion of the strong cwidi/ing reagent 
(Rufbpy),!'* ' uiih ihc rtidicnl TTA". a !ttrong reducing agcnu a 
{Rut bpy> ,1* * complex 15 fnnned in Che electronically excited stale 
which returns to the cruund state by emiwion of a photon at 
^i^Onm. The nithcniumdO complex can remoter the cyclic pro- 
cess, which automatical Iy causes amplificalion nf the ,MgnaL 

In additioo to an elccirxvhemiluminescem arialyserj*''*^' im- 
munoa.vsayjir and genetic probe tests** with the, in 
the meantime. avnmctdaliy uvDilablc ruthenium hbcl have been 
dc^criboiL The avaihtbic data is insunicient 10 c\-aluaic the Miit- 
abiliiy orelcorochcmilumincsceni dctcctit^n in diagnostic prac- 
licc. 

^. Applicgtions 

^./,/, Introduaitm 

When Yalow and Berson developed the first radioim- 
fnunoasjay for the In vitro determination of insuhn in 1959, 



they surety could ool have envisaged that.ihcir method in this or 
in >omc other form would become the most imponaot analytical 
tool nf medicinal in vitro diagnostics. It is difTtcult to overloolc 
the wealth of .^bjuancej. whose concentrations are today rou- 
tinely dcicnni'ned in clinical laboru tones with immunoassays. A 
number of these analyies are listed in Table 2 according to 
diagno^klic indications. . 
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nuniin D 

HypcrtOfiU cud mfpHrotOfX 
ntdoilcrofK 
andrt»nco<liaac 
anpolcnnn 1 (ttninl 
conijol 

DHEA (dcti\TOq)undroive> 
rone) 

I f a-OH-frogeiierwx 

4'ipCtJiin 
myoflobia 

Ovutffirrc n'ttw Jatait£ 
lumiain 

NCl tN-icmunal coUa^cD I) 
PllIP iprocolbgcn-lll-pcpti- 

7S-coWigpo 

Infrcth^ Jaeajrs 
HBsAA fbcpJtilis B svrf;icr 

HSV antignis 
Xil^ anhpm (HtV anhfcn) 
niu virus 3ioli|x« 
noiibodta apiut: 

- »^ME»iatt 

- HBsA( 

- HtVt 
^ HtV2 

- HSV 
mcuto vini:t 

- roux'tnis 

- rubelli \iruf 

- (oKoplasna foiu^ 

i-vuUrypaa 

CRP tC re*ai«« pcoieiM 
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The 5ucce3a of tmmunologtcd unsays is owed primarily to 
their high specificity and sensitivity; jniibodies, which arc cm- 
ployed in immunoassays as detection rc:i gents, can "nxognUc" 
at the molecular level snuUesi structural differences (much cited 
"lock-and-key"" principle). For example, an antibody raised 
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Schemed. Structiuc of (he thyroid her- 
nwflcj T3 (X = H. IJ'S-miodo-L-diyiomoc) 
and (X=.|, JJ'J-J'-tci/iiodo-LHliy 
roaine. t-UufroxAc). 



ag^nst the thyroid hormone thyroxin bincb with high affmhy 
(equDibrium constants osoany are of the order of 10*^- 

lO^^'Lmol''), where^ 
as triiodothyronine 
which differs by only 
one iodine atom is no( 
recognizEd (Scheme 34). 

Asare&ult of this im- 
pressive !ipcdfidTy prac- 
ticfilly all snbstances 
with a molecular 
weight of grcaier than 
J 00 D even in compK- 
cated liquids such as scrum can be dciamincd exactly without 
pnor separarion of amilar substances. Modern bbels can even be 
traced into the aitomolar range (1 amol = 10* mol). Thu3, by 
Ubeling antibodies with such labels, the substances to be ana- 
lyzed can be quantified exactly to the feratomolar range (1 
fionol =10"*^ mol). A current UsUng of almost 5G0 literature 
references can be found in "Bioluminescence and Chemilu- 
miaesccncc literature - Immunoassays and Blotting Assays" by 
O.Nozakietal.**"" 

6.1.2 Caiegariej 

Immunoassays can be divided into dlfTcrent groups. 
Group I: Competitive immunoassays with analytc tracer: 
This group concerns assays in which the detection reagents 
arc an antibody specifically direaed against the substance to be 
determined and an aoalytc derivative which carries the bbel 
{analyte derivative tracer, usually abbreviated to analyte trac- 
er). The anaiyie tracer should nor be too structurally different 
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from the analyte (which under the circumstances only exists in 
the presence of the label) that it no longer is recognized by the 
antibody. Furthermore, immunoassays of this group arc com- 
petitive assays, that is the analyte and analyte tracer compete for 
a smaD number of antibody binding sites in an equilibrium 
reaction (Fig. 3a). The lower the concentration of the analytc- 
samplc to be analyzed, the more antibody -analyte tracer com- 
plexes can form as a result. The analyte concentration of an 
unknown sample can be determined exaojy by using a calibra* 
don curve drawn up from samples of known concentration 
(Fig. 3 b) . As is apparent from Figure 3 a. selective measurement 
of thestgruJ emitted from the antibody -analyte tracer complex 
requires prior jcparation of uncomplcKCd analyte Inccr. Sepa- 
rations of this kind are dealt with in Seaion 6.1.3. 

Group //: Competitive immunoassays with antibody tracer: 
As in Group ( this is also a competitive process. The only 
difference is that of the two detection reagents (antibody, ana- 
lytc derivative) it is not the analyte derivative that carries the 
label bat the antibody (antibody tracer also called tracer anti- 
body). As can be seen from Figure 3 c. the concentration of the 
analytc to be determined correhics with the concentration of 
the antibody tracer-analyic derivative complex after adjusting 
the equilibrium (Fig, 3 d) . For (he separation of the two labeled 
complexes which is also necessary in this case see Section 6.1.3. 

Group III: Sandwich assays: 

Instead of the analytc derivative in cooipctiuve as.-mys, in this 
case a second antibody is the dciectioo reagent. The label is 
situated on one of the two antibodies. Both antibodies bind to 
the analyte at different sites (epitopes) and thus form a sandvich 
complex. An excess of the two antibodies is employed in order 
to shift the equilibrium in favor of the sandwich complex 
(Fig. 3e). The favorable cquilibriuro position in this type of 
assay due to die excess of reagent leads to a considerably higher 
sensitivity of detection. Whilst, for cxemple. a competitive assay 
for the determination of the thyroid hormone thyrotropin is 
capable of dctccring an analyte conccntrzuoD of about t- 
2 finol mL- ^ ihc lower dctccdon lirmt in the case of a compara- 
ble sandwich assay is about 0.1 ^0.2 fmolmL-^ The sandwich 
strategy achieved its breakthrough when it became possible to 
obtain pure uniform antibodies in vimiaUy any quandcy. (Mo- 
noclonal antibodies, Nobel Prize. 1984 for Kohler and Mil- 
stan)tm.uj| 

About*tbe only disadvantage is the Umiied applicability of 
this type of assay: small analytes (M< approx. 5 kP) are ex- 
cluded, since (wo antibodies cannot bind simultaneously for 
stcric reasons. In the case \^ere the analytc is an antibody (cf. 
listing in Secdon 6.1.1; indication: infeaious diseases), the 
sandwich assay can be applied in a slightlrmodiGcd form: an 
antigen plays the pan of one of the two detection antibodies, 
thus, for example, a virus particle, against which the anal>'ic 
anubody is directed. In this case, the resulting sandwich com- 
plex consists of antigen, analyte antibody, and dctccuon anu- 
body; the antigen corresponding to its complementary structure 
binds to the recogniuon site of the analyte anribodyandis. thus, 
responsible for the spcdfidty of th* detection. For ihc detection 
antibody it su/ficcs if this is directed against the structure ele- 
ment of the analytc anribody, although this is sundard for all 
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antibodies of ihe same animzl (in this cise human) species (Fc 
poriion). The latter presupposes, of course, that che anribodies 
present in the patient's blood, which arc directed against com- 
pletely diflereni antigens, do not ''capture" a significant fraaion 
of the detection anti body. In practice such complications can be 
easily abided by the choice of a corresponding high concentra- 
tion of the dcteaion antibody or by a soollcd cwo-sicp perfor- 
mance of the ussay- The separation of the sandwich complex 
and excess tracer, aUo necessary in this caitc prior to the mea- 
surement, is dealt with in Section 6-1-3- 

The individual variations within these groups (cold and hot 
preincubation, one-step and iwo-scep performance, double anti- 
body method) as well as immunoassays which work wtdiout a 
tracer^* ''^ cannot be dealt with here. 

Defmitum^ of Terms: 

In scarcely any other area is there such a confusion of icnns 
and abbrcviaticas as in the field of immunoassays. The most 
well-knowii expression is the '^radioimmunoasssay" (RIA). Un- 
fortunately it is often used for two different circumstances. 
First, it stands for competitive immunoassays with a radioactive 
analyte tracer, that is, for the assay type described in Group I. 
and secoad it is often employed as the generic term for all immu- 
noassays with a radioactive label The same can also be said for 
the enzyme immunoassay (EIA), fluorescence immunoassay 
(FIA), and lumioesccnce or chemilumincscencc immunoassay 
(LIA and ClA, respectively) which arc distinguished from RI A 
only by the type of label used. A similar ambiguity eicisis with 
ihc acronym ELISA (^nzyinc-/inked immunojorbent assay). 
This term is reserved by some authors for the excess reagent 
assay (Group III) with the enzyme label and by others is em- 
ployed quite generally for all immunoassays with enzyme label. 

Just as XI A (RI A, EIA, FIA, LIA, CIA) designates specifically 
a^isays of Group I, Group II does not have a generally accepted 
abbreviation- However, in this case one often comes across the 
cxprcsaon SPALT (jolid phase antigen (umincscencc /cchniquc). 
Jhis describes an assay of Group 11 with luminogenic label, for 
which a particular but frequently used lcchm<iue for separating 
excess antibody tracer is employed (sec Section 6.1.3)-. 

A synonym for sandwich assay (Group IH) is the expression 
2-ttec IXM A; this stands for "immuno-X- . . .metric assay" (for 
exampfc: IRMA: immunoradlomeiric assay; ILMA:immuno- 
lumiaoractric assay). The expression immunomclric means 
that, in contrast to the competitive assays, one is dealing with an 
assay with excess reagent. Unfoixunately the dcagnaiion is ako 
not uniform in this case. Hence, Group H, despite its competi- 
tive nature, is still designated with the expression "Late IX- 
MA'\ Strictly speaking the I-silc IXMA is. however, a very rare 
type of assay, which uses the same detection reagents as Group 
n (analyte derivative and antibody tracer), however, uses the 
anuTjody tracer in excess, and docs not measure the complex 
formed from the anaiyte derivative and antibody tracer, but the 
complex formed from the analyte and antibody tracer. 

6JJ. Sepa/aiioa Methoth 

As already mentioned Ae selective measurement of labeled 
immune ccmplcres necessiutc a prior scparauon of the un- 
bound analyte tracer (in the case of Group I), of antibody tracer 



not bound to the aoalyte derivative (Group II), or of unbound 
antibody tracer (Group III). 

Ttc fitst separation methods involved really difTicuIl purifica- 
tion steps, for example chromatograpliy or elecnrophoresis. Con- 
siderably more manageable, but today regarded as being anti- 
quated, arc the methods in which the immune complexes arti 
precipitated by addition of salts or organic solvents, or the un- 
bound analyte tracer is adsorbed on addition of activated char- 
c<yal or ion exchange resin- The requisite cenirifugatioii step 
renders these methods as being no longer able to compete today. 

Modem methods usually employ a solid phase. In the sim- 
plest case this is a small tube made of synthetic material whose 
inner wll is coated with one of the detection reagents (coated 
lubes). At the same dme these tubes serve as the reaction vessel 
for the immunological deiecuon reaction. The separation imme- 
diately prior to measurement is reduced to just merely decanting 
off or removal of die reaction solution by suction (Fig. 4). 
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fig. Eiamptes of commercial munuaoisuirf performed «iih & coated tube: 
lUA-poa T3 (icpj, a RI A aad BenLui T3 (middle), a SPaLT wj Tut dciemii- 
naiion of Imodothyrooloc fT3l wwJ BcnLux TSH (boilomj. a 2.tiic ILMA lor the 
dcicrnunaifan ofihyrxiid stunuSatias bomonc (TSHfio scrum. 



The coating of the solid phase proceeds in the most simple 
case by direct adsorpuon of the dclcaion reagent; the solid 
phase is kept in contaa with a solution of the detection rtagcnc 
for several hours. Under suiuiWc conditions the adsorptive 
bnding is so strong that the immobilized reagent cannot be 
dissolved by washing the solid phase. Binding can also result 
through an anchor protein, \vhich adsorbs particulariy well onto 



REVIEWS. 



A. Mayer and S. Ncuccbofer 



llic solid phase lo which the detection reagent is oovalenily 
bonded by birunciional reagents.'"^ Often an antibody, which 
itcognizcs s jtruaural dement ihai is common lo all andbodics 
of another animal spcdes. is allached to the sofid phase. For 
instance, antibodies which arc directed against the Fc portion of 
monse antibodies can be produced in rabbic In this way anti- 
bodies can be anchored onto the solid phase which arc less 
suitable for a direct adsorpricn. More of these univcrsaJ solid 
phases arc based on the high affinity binding between bioiin and 
avidin (sticpi-)avidin''** as wdl as between flaoitscein and anti- 
floorcscdn ontibodics^^**' (Fig. 5). 





Fij. 5. The binding of n deicaion f«tein (m (Kb case :in aaiibody) ta j ioVtd 
nippon can be achicrcd by meapj or the (*ircpi.)Avk!ui/iiioiiq system (fcfi); The 
biodflylatsd Jnlibody is wipported by ihe (tZfcpt^^ividui u<l5orbed onto (be Mltd 
wpport. A xonitar ancbofwj method li hiied on the bdodini beween 

/iBfiresctiii (roups and atitibodici direacd &Biina Qunresceio (Hebe). 



Instead of coated tubes other coated solid phases can also be 
employed (siTithciic sphcici, magnetic particles, and mem- 
branes). These can also (cf. Fig. 4) participate directly in the 
immune reaction or merely have a separation fuoctioa. In the 
latter case the immune reaction occurs in a homogcncoa$ liquid 
phase (which has certain advantages with regards to the rate of 
reaction), and the separation fnncuon of the solid phase is only 
'*swi(chcd on" once the reaction is completed (Fig. 6). 



anubody and fluorescent-labeled analyte dcrivatix-e arc embed- 
ded in the lower layer (1 jim thick). The serum sample is applied 
to the top layer (10 \im thick). The analyte molecules contained 
in the sample diffuse into the lower layer, where ihcy — depend- 
ing on their concentration — displace more or less tracer 
molecules from andbody binding sites. Additional reagenu 
such as aqueous solutions arc not necessary here. Whereas anti- 
bodies are not able to leave the lower layer because of their size, 
the unbound tracer molecules arc free to diffuse into (he two 
upper layers. The antibody- tracer complexes which remain in 
the lowest layer arc quaniified by fluorescence detection. The 
H^i source and detector are situated below the lest module. The 
middle agarose layer (10 ^m thick) acts as an opdcal fdter due 
to its Iron oxide content and prevents mcamrcmcnt of released 
tracer molecules which have diffused from the lower layer. 

In the purely homogeneous assays there is no separation step 
because they arc based on a chan^ng signal in the formation of 
the inununc complex. The first assay of this typie was presented 
by Rubenstcin and Ullman in 1911^^^^ This EMIT method 
(eozyme-modnlated nnmunoassay rechnology) involves EI A; 
enzyma do activity of the enzyme label is inhibited by the binding 
of antibodies (Fig. 7). Another example of a homogeneous as- 
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Fif. 7. In the EMIT mclhod on sntifaody bound lo ibc toaljtc irzcu {aoAJytc 
derivative labeled «ith the cnrymc) pixvcnu the cacsb^ coavcnion of the mb- 
nrau (c^ a chromo^cn) by the enzyme, for eximple. hy tienc (niWnncc ar \h< 
3cuve site. 
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Fij. 6. AOer annpldioii oTthc reaction brtwrm aotUMdy bibcfcd with ttther FjTC 
or bioliA. 4Baly«. ind imiyxt xxwccc In the ImiimI pbiie. Chr soUd mppon ccaxtd 
iwih (ttctp(->avidia ot intj-ftooreicdn antflwdtts. fcspocdvcly. a wJdcd, snd ihc 
undwief) complex b »iuchcd to the solid mpporu 



With the OPUS jystemf'"! icparaiion is accomplished with- 
out richer operation «cp$. The whole immune rcaciion laksi 
place in a lea module whidi is about the size of two lugar cubes. 
An essential component is a transparent polyester film, on the 
surface of which arc three agarose layers. Complexes of- the 
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Fi't 9. tMfH of 9 homogciicom LI A; The cnctgy tnnita acroa Ihc small 
Chance bcl*«n the t«ro labcfa Ll ud U Rsulc in an dxintue exduiba oT U, 
The inteosiiy of the ti^l enuUcd frcm L2 therefore condHlcs lo tl«*ralylccooocii- 
trsnoo. 



say which employs chemituminescence energy transfer is shown 
in Figure 8. Disadvmugcs of these, at first glance, particularly 
elegant homogeneous assays arc lower sensitivity of detection 
and a more pronounced susceptibility to interfercticc. 
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67. Gene Probes 

AWhcrcas analytcs in iramiinological dcicrminauon nxethods 
are after all products of genetic information, nucleic acid se- 
quences arc the information itself. The qualicativc and quaatita- 
tive dccer mination at this "primary level" is increasingly gaining 
agnificance. 

Tlte most imponanl applicarion at present is in the detection of 
pathogenic otganisim (bacteria, viruses)/^**'* A panicular advan- 
tage is that not only active viral infections, but also latent cms, 
are ascertainable by detection of the nudac acid Ksqucnces. 
Thus, for example, infections with the AIDS virus can be dctea- 
ed already in the incubation phase of seronegative patients. In 
addition, the conirol of blood supplies for HIV. HTLV-I, Hep- 
atitis B. etc. is much safer with the dctectioa of the correspond- 
iag nuddc acid sequences than ^th an immunological test. 
' A scries of hereditary diseases, sudi as diabetes tueUitus, 
Lesch- Nyhan syndrome, phenylketonuria, and sickle cell ane- 
mia, can be detected reliably by tracing the mutated gencs,"**' 
likewise the activation of different oncogenes which arc involved 
in Che formation of tumors.'^*^^ In forensic racdidnc the detec- 
tion of nucleic acid sequences is employed for solving cases 
involving sexual crimes or in tests for paternity suiis.^'^**' 

In contrast to immunoassays no annlwdics are cmi^oycd as 
direct, detection reagents, but relatively short, mostly synihcUc 
nudeic add sequences (so-called gene probes) which arc com- 
plementary CO part of the analyte (so^alled target sequence) 
(Fig. 9). These hybridize with the target sequence, that is, they 
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Tn. 9. The «miury of iwb nudeic ^ «r«d3 an» from ^^*^^JI^^ 
pjin: adenine (a) bonds ic thymiae fH or amca (U). ^'"^ 
(G). The aoir pt«b« cmploH uniin/ duins of 15'jO nuckondot 



hind with it to form a double strand which i$ held logedicr by 
hydrogen bonding. . , 

rn the Southcm-Blot method."**' named ato its foumi^. 
the DNa, on which presumably the sequence to be dclcnnmcd 
lies, is initially cut into defined fragments by rcstnct.on en- 
zymesL These are separated by decuophoresis and the bands on 
the clectr^phortsis gd ire transfenrd to a suitable c^mcr (eg. 
mtroccllu]o:*c). whilst maintaining the trlativc positions of the 
bands. The individual DNA fngments (double-stranded) arc 
denamred (that is, they .arc split into single strands) by heaung, 
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in order lo make them accessible to a hybridizaoon vrith the 
labded gene probe. One of the advantages of this method is that 
difTcrcni prob«:s can be employed simiiliancously lo trace sever- 
al nucleic add sequences. 

The visualization of the fragments hybridized with the probes 
can be accompHshed, for example, by applying a photographic 
fihn. Tlie exposure times arc Greatly depcndeni on the label 
employed. For the "P isotope used almost exlusivdy carUer, it 
was not unusual Co have to vvaii for several weeks. By employing 
more modem luminogenic Ubels the exposure times can be dras- 
tically reduced. Methods that use nuoresceni Ubels disjpense 
with need for photographic fihn and. moreover, there is the 
advantage that different colored light signals can be received by 
employing different labels simultaneously. This can make the 
distinction of DNA fragments which exhibit similar dcc- 
crophoresis profiles considerably easier. 

In anatogy to immunoassays there are also corresponding 
gene probe tests. The pendant of a 2-site IXMA""» is shown in 
Figure lO. An analogue of the competitive immunoassay is the 
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Fig. 10. The couflccrpan connpondina u> the 2-»i(t tXMA on groc probe u'lc. 

Strand displacement assayt"'^ (Fig. t1). The only difference, in 
prindplc, to the XIA presented in Section 6.1.1 (Group I) is that 
ihc labded gene probe (corresponds to the analylc uacer in 
XIA) and the target sequence (analyte) do not compete at the 
same time for the probe bound to the solid phase (corresponds 
to the anUbody in XIA), but thai the Uaoor gains a lead in time 
(prinripic of hot mcabation; not an unusual experimental vari- 
able in XIA). 
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The transfer of techniques from ihc field of immunoassays 
has also led to homogeaeous gene probe (esL In kissing probes 
(Fig. 12), two labeled probes bind to the target so dosely to each 
other that an interaction is effected lieiwccn the labels. Thus, 
only the changes in the a^al occurring in this way can be 
viewed as highly specific. 
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Fi£. II Priflciple of the Ttistiti^ probes'. 



The acridiniuin label is able to intercalate double-stranded 
DNA and therefore is protected against attack from nuclco- 
philic jragentfi. In this way it is possible to distinguish between 
single-stranded and double-stranded bound labels. This has 
been of use in the "hybridisation protccbon assay'\^^**i 

A revolutionary step for cnhancipg the sensitivity of gene 
probe torts was achieved by the PCR methods (polymerase 
chain reaaion).*^'^! K. B. Mollis received the Nobel prize for 
the development of this incthod in 1993, The basic idea is orig- 
inal ind at the same time simple. Whereas almost all a ttempts to 
improve the lower detection limit were directed at increasing the 
signal intensity and reducing ihc background signal, that is, to 
have the tracer in sight, with the PCR method, the target se- 
quence is selectively rcplicatcd(!) and morcova quite simply. 
First the urget sequence present as a DNA double strand is 
dcaved mto two single strands by denaturing with heaL The two 
single strands were then hybridized with complementary 
oligonucleotides and- these were subsequently enzymaticaUy 
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clonFiied at the J'^md iviih dcoxynudeotJdc triphosphates. 
^ process u repeated sc^'eml times (Fig. 13) and after 20 
cycles Ihc targpt sequence h amplified by IOC 000-foW. 
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7. Outlook 

Even if a T source which radiates continually for months to 
emit a signal often only required for a few seconds ts everything 
but modem, there is much to be said, not only on ecological 
grounds, for the replacement of radioactive labels. Wiih the 
labeling alternatives available today radioactive labels have, as 
far as detection sensitivity is concerned, been partly superseded. 
Why is it then that RI A did not die out long ago? A considerable 
odvanUge of RIA is lied up with one of its greatest disadvan- 
tages—as seen from an ecological standpoint — the emission of 
energy-rich rfldiation. In the thirty years of experience in the 
field of RIA this method has proved to be extraordinarily **n3- 
bust*\ Thus, for example, in the case of the radioacrive label the 
tracer is not influenced by its direct surTountlings (**matrix ef- 
fects") except for in the rarest of cases. Furtherrnore. the signal 
is not affected cither in terms of its absolute value or in terras of 
its constancy by most external factors. In addition, the labeling 
of small analytc derivatives by an isotope inevitably results in 
fewer changes in properties compared to the introduction of a 
stericaDy demanding bbcL Thus, replacement of radioactive 
methods will understandably not occur overnight, but is more of 
a gradual process which is sustained by a steady increase in 
experience in dealing with nonradioactive labels and the synthe- 
sis of more effective labels. Since the most efficient luminescent 
labels and luminogenic enzyme substrates have only been avail- 
able for a few yean, one can expect an acceleration of this 
hitherto slow rtplacemeni of radioisotopes in the years to come. 

We rhank all our colleagues for helpful discussions during the 
drafting and correction of this manuscript at well as Mr. R. Kaske 
for providing marketing data and Mrs. J. Bruchmann and Mrs. N, 
Laloifor support during the preparation of the marmcripi. Our 
special thanks go to Mr, A. Kraft for preparing the figures in 
Section (J. 
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Reactivity Chart 6. Protection for the Carboxyl Group {Continued) 
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